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Tup object of this Look ia to pi-ovide, in moderite Liilk, a colleic- 
tion of Erules and Tables relating to tlioae parts of matli(?matical 
and mechanical acience whose applicattou most frequently occurs 
in the useful arts, and eaptjcially in engineering aud prictical 

echanies. The use of algebraical symbols ia avoided, except in 

cffie casea in which the rules caimot be clearly expressed without 
ihem. 

The rules and tables of the First Pai*t belong to Arithmetic 
and MeBSUi'ation, The tables of well-known quantitiesj such aft 

uares, cubes, and logarithma, have been drawn from the moat 
iTOstwurthy sourceSj and their accuracy independently tested 
ihrougliOTit ; the circumferencca and areas of cinclea may be relied 
a to the last figure. The table of trigonometrical functiona coa- 
eiaU of only a single page; but it is sufficient, nevertheless, for tin 
solution of such problems in practiciil mechanics as involve the use 
of those function 3 J for purpoj^es of Geodeiay, the only proper trig- 
onometrical tables are such as fill a large paiHb of a bulky voluni 
The sunjuiaij of the ndes of trigonometry is complete. Great 
care lias butin beatowed on the arrangement aud explanation of 
those important rules which relate to the nieaaurement of the areas 
of surfaces, voluiuea of iiolid figures, and lengths of curves, and the 
finding of the centres of magnitude of all those classes of iigurea. 

The Second Part relates to the Measures, commonly so tilled, of 
diiFerent nations, and contains tables aud rules rekting not only 
to measures of auglea, time, length, surface, volume, weight, am 
vaJue, hut to those of quantities more or less complex, such as 
speed, heaviness, pressure, work, power, mouient, absolute force, 
aud heat. The values of the various units of measure mentioned 
are comjmred with the standards of the British legal system, and 
of the metrical system (whose use is now permitted in Britain) ; 

id those standards are compared with each other according to the 
authorities — viz., the paper cf Mr. Airy, Atitrovi.oYsisac-^xs.Tj'ai., 
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on "Standard 3 of Measure," and that of Professor Miller on the 
"Standard Pound," The tables of multipliers for the coiwerslon 
of meaaui-ea are numerona and varied, aad arrauged vith a view- 
to ootnpactnesa. 

The Third Part telatea to Engineering Geodesy, cojupreh ending 
surveying, levelling, and the setting ont of works. The rules 
which depend on the figure and dimensions of the earth, such as 
those for calculating the lengths of arcs of the meridiaUj and of atcs 
intersecting the meridian at different angles, are founded on. the 
most probable determinations of the earth's dimensions. The rules 
for the setting ont of works comprehend directions for ranging 
curves on lines of j-ailway, and for easing the changes of curvature 
at the junctions of such curvea with each other, and with straight 
lines. The Part conclmdea with a system of rules for the measure' 
ment of earthwoi-k. 

The Foui-th Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness and specific gravity, and 
of expansion by heat j and rules for finding centra of gravity, 
moments of weight and of inertia, centres of presaare, centres of 
percuaaion, and cent res of buoyancy. 

The Fifth Part relates to the Balance and Stability of Structures, 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of difierent kinds. 

The Sixth Part relates to the Strength of Materials, It com- 
mences with a series of tables of the i-csi stance of various binds of 
materials to straining actions of different kinds ; followed by rules 
for the computation of the strength of materials in the various 
forms in which they are used in structurea and machines ; such as 
ties, pipes and cylinders, piUai*s, axles, beams, chains, and arches. 
H The Seventh Part nelates to Machines in general ; giving in the 
™^ first place rules for the comparison of the motions of different points 
in a machino, and for the designing of the more important parts of 
mechaniBm, such as wheels and their teeth, speed- cones, parallel 

L motions, <fec. These are followed by rules relating to the work of 
machines at uniform speed and at varying speed, to centrifugal 
force, the balancing of machinery, and the use of fly-wheels; and 
by directions how the rules of the sbtth part are to be applied to 
the strength of machinery. In the course of this Fart, rules 
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for the resistance of carriage!! on roada and rail ways, tbi 
tractive power of locomotives, and the ruling gradients of rail way n 
The Part concliidea with rules as to the power of horses and other 
animak, and of men, and a table of the quantity of labour required 
in various operations. 

Id the Eighth Part are gi^ren. rules appHcahle to Hydra.ulio ani 
Marine Engineering; such as those which determine the head 
qnired to produce a given diachai^e of water through s, given 
ciiannel or pipe ; the discharge from, a given outlet with a given 
head ; tke dimensions of the pipe or channel required to discharge 
water at a given rate with a given head ; and the strength of water- 
pipcs. Then foEow rules for the designing of hydraulic prime 
movers ; such as vertical water-wheela, overshot or undershot, and 
turbines ; then rules applicahlo to wiodraills. Ltiatly, rules are 
given for the estimation of the resistance of water to the motion ol 
ships ; for the determination of the proper dimenaiona of propelling 
instruments of diffei-ent kinds, jetej paddles, or ecrewjij and of the 
eugine*power required to drive them ; and for calculating the 
quantity of Bail which a given ship can safely curry ; — all founded 
on jjractical experience on the large scale. 

The Ninth Part relates to Heat and the Steam Eagine. It con- 
tains a system of rules and <^blea founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it ia believed has not hitherto been 

(pttained, for determining the relations between work done and ^J 
fceat expended in any actual or proposed steam engine. Those ^H 
Ire followed by rules for fixing the leading dimensions of the^H 
principal parts of an engine requrred to do a given duty under ^H 
given cii'cnmstances: for the heating power and the expenditure 
of fuel; for the efficiency and dimensions of furnaces and boilers; 
ant! for the proportioning of slide-valve gear, link-motions, and 
other fittings of steam engines. At the end of the text is ai 
plate containing a jiair of diagriims of the mechanical properti€s of 
xteam, by the use of which much of the labour of calculation may 
be saved ; and thiit is followed by a veiy full alphabetical index. 

w. J. M. a 

Clasoow UNtVBiiBrrT, May, 186& 
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PART I. 
miHBERs Ain> figtjues, 

Tabce 1.^ — SQUASEa, Cubes, Eeciphocaxs, and ComiGS 
Logarithms of Numbers fhom 101 to Q29. 



EjtPLANATlON. 

Squar^j Ctjhes, and Sedpr&cals, 

L Tie square, cu"be, and recipi*o(^l of 1 are each of them 

2. The square of any integer power of 10 ia 1 foEowed by twice 
many noiigMa as there are m the original number j for exampli 

t2=100; 1 U(}" = 10000, &c. 

3. The cuhe of any integer power of 10 is 1 followed by thrice 
many noughts as there are in the oiigiaal number j for example, 

102 ==i 1000; 1002=: 1000000, &<;. 

4. The reciprocal of any integer power of 10 ia 1 preceded by 
decimal point, and by one nought fewer than the original number 

l^'or example, 



Mi=-"'Roo = -""' 



(fee. 



5. The table gives the squares and cubes of all integer nuTiibera 

insisting of three figures, To find the square and cube of any 

jteger Dumber consisting of two figures or one figure; annex one 

two noHghtaj as the case may be; look for the number so formed 

the lefVhand column, take the square and cube opposite to it, 

and omit the Doughts from the light of each of them. For example, 

to find the square and cube of 15; look for 150; then we find 




2 NITHBEBS ASD FIGURES. 

Again, to find the square and cube of 7, look for 700; then -we 
find 

Nnmber. Sqtiare. Cube. 

700 490000 343000000 

from which, omitting the noughts, we obtain 

7 49 343 

6. To find the square and cube of a number consisting of three 
figures followed by noughts ; find the square and cube opposite the 
first three figures in the table ; annex twice as many noughts to 
the square, and thrice as many noughts to the cube. For example 

ITnm'ber. Sqnara Cnbe. 

377 142129 53582633 

3770 14212900 53582633000 

37700 1421290C00 53582633000000 
and so on. 

7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of tiie same figures as if the 
number were an integer; but the square contains twice as many, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 
fixing noughts when required. For example, 



Number. 


Bqnare. 


Cube. 


377 


I42129 


63582633 


377 


1421^29 


53582633 


377 


14*2129 


53582633 


•377 


•142129 


•053582633 


•0377 


•00142129 

and so on. 


•000053582633 



8. The reciprocals given in the table are those of integers of 
three figures. For every nought that is annexed to the t^JU of 
the original number, a nought is to be inserted at the leji of the 
reciprocal ; and for every place of decimals that is cut off at the 
right of the original number, the decimal point is to be shifted one 
place to the right in the reciprocaL For example. 



Number. 
160 
1600 
16000 




Beciprocal. 
•00625 
•000625 
•0000625 




and 


SO on; 


16 




•0625 


1-6 




•625 


•16 




625 


•016 




625 


•0016 


625 ' 
and so on. 




POWERS — RECIPROCALS — LOOABITHMS. 

9. The reciprocal of tbe reciprocal of a number is the origiiiaL 
immber itaeli". For example, 

The reciprocal of i6o is '00625 
The reciprocal of '00C25 i& 160 

Hence, when convenient, the rociprocal of a number may sonie- 
times be found by looking for the number in the colnmn of rtsci- 
procala, and the recipTOcal in the column of original nuiiibei'a^ 

10. To reduce a 'v'ulga.r fraction to a decimal traction ; nuiUiply 
ie reciprocal of th** denominator of the vulgar fmction by tlie 

iumerntor. For example, to reduce ll-lGths to a decimal 
I'l-uction J 

Emprocal of ifi, -0025 

y. Numerator, -,.,....... ,,......,.. 11 

Note. — The only numbers whose reciprocals can be expressed 
li/ in decimal fractions are 3, 5^ and their powers and pro- 
' ducts. Numbers divisible by any other prime factor give either 
repeating or circulating decimals as their reciprocals. 

11. The square of the product of two numbera is the product of 
their squares; the cube of their product is the product of thtiir cuhea, 

"For example, ' 

19£)82^ (999x2)8 = 9992x23 

.^998001 X 4 = 3995004; 

199S3 = (999x 2)3= 9993 x3» 

= 99700^999 x 8 = 7976033992. 

12. To find the square of a quotient or fraction; divide the 
gquHr^ or cube of the dividend or numerator by the square or cube 

the diviaor or denominator. For examplOj 

13. To find the square of the sura of two numbera; add together 
their squares and twice then* product. For exaroplej to find the 

luare of 37725 = 37700 + 20 ; 

37700S^li2139O00O 

25=^= 62 J 

37700 x25x2 1885000 

377252 = 1423175625 Sutil 
U, To find the square of the difference of two iwjQfccia-, txW 
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the snm of their squares subtract twice their product. Example : 
to find the square of 37725 = 37800 - 75 j 

37800* = 1428840000 
75g= 5625 

1428845625 Sum. 
37800 X 75 X 2 5670000 Subtracted. 

377252 (as before) 1423175625 Jiemamder. 

15. To find the cube ofthe snm of two numbers; add together the 
cubes of the numbers and three times the square of each multiplied 
by the other. 

For example, to find the cube of 37725 = 37700 + 25; 

377003 -^ 53582633000000 
253= 15625 

377002 X 25 X 3 

= 1421290000 X 25 X 3 = 106596750000 
37700x252x3= 70687500 

377253= 53689300453125 Sttm. 

16. To find the cube of the diffei-ence of two numbers; to the 
cube of each of them add three times its product by the square of 
the other; subtract the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800-75; 

378003 = 54010152000000 
37800x752x3= 637875000 



753= 421875 

75 X 378002 X 3 = 321 489000000 



54010789875000 Sum. 
321489421875 Sum. 



377253 (as before) 53689300453125 Z)t^ 

Extraction of Square and Cube Roots. 

17. For convenience in the extraction of roots, the squares in 
the table are divided into periods of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only ; 
and the cubes are divided into periods of three figures, commencing 
at the right, the left-hand period sometimes containing two figures 
or one figure only. The number of periods in the square and the 
cube respectively is the same with the number of figures in the 
root, or original number; and should there be a decimal point 
between two figures of the root, the decimal points in the square 
and cube respectively are between the periods corresponding to 
tjiose figures. (For examples, see Articles 6 and 7.) 

"^ To £nd the square root of an exact square of not more than 
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POWEfiS — ^EECIPBOCAJLS — I/3GARTTMMS, 

Bjx figures; divide the given squftre into [teriods of two figures 
beginning at the decimal point; look in the column of squares ibi 
tlte BJime figureSj similjirly divided into periods; the root will bOT 
opposite. Tben place the decimal point so that the root shall have 
the i^me number of integer figures that the square hm of int 
perioda 

19. To extract the approximate sqiiare root of a giveTi number 
that is not an exact square, connect to three h^urt^s; divide the 
given number into peiiods of two figures, Goramencing at the 
decimal point; then look in the column of squaiTB for the Dearest 
sqiiare i/tat has the same lejl-hand period ^ih. the given number; the 
root opposite that square will give the tiret three tigiirea of th« 
required root. Then place the decimal jwint as directed in 
Rule la 

20. To extract the approximate square root of a given number 
having three periods of figures that is not an exact square, correct 
to five places of figures. For the fii-st three figures, take the root 
of that square in tlie table which is next bulow the given number, 
and has ili le/i-hand period the <sani«. Subtract tjiat f»quaro fi"oui 
the given number; annex two nonghta to the remainder; then 
divide it by the sum of the three figures found and the next greater 
n>ot in the table ; the integer figures of the quotient will be the 
two additional figures of the a]i[>roximate root. (Should there 
he but one integer figure in the quotienti imjert a uuught 
before it) 



Examples of Rules 18^ 19, axd 20. 



L Extract the «qnare root of 1431 '39. Divide this numb 
into periods of two figures, thus, 14 21 -SO. Then amongst 
the squares in the table whose left-band period 13 14 ia found 
H2129, the square of 377] ao that the given, number i» an 
exact sq^imre. The decimal point cotniug between the second and 
tliird periods of the square shows that the decimal point comes 
between the Bccond and third figures of the root; which is there- 
fore 37-7. 

IT. Extmct the approximate aqiiare root of 1423 '18, correct to 
three figurea IHvide the number into periods of two figures, thus, 

4 53 -la 

Given number, ........14 23 -IS 

Nearest square of which the > ■■ . q,, ,(jq _ nn.!r^ 
left-hand period is 14, ..... | "' "~ 

Therefore 37"7 is the approximate root required. 

Ill, Extract the approximate square root of 1433'18, coiTect 
five figures; 



KUMBERB Aim FIGUBIS. 



Given Dumber, in jmriodg aa before, 
Hext leas sqimre in thts table, 

Divide bj 377 + 378 = 755.... 



14 23 
14 21 



•18 

•39 = 37 -T* 
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Quotient, being tlie- two additional figures requii-ed, 25; 
37'7lf5, B.ppi'uximate root. 

KoTE, — It is essential that the left-hmid period, and not merely 
thft left-hand figurtH, of the square in the table should agree with 
the given numher; otherwiso great errors will ariae. In tlw 
esamplea given the same left-hand figures are found in 14161, the 
aq,uai"e of 119, as* in the given number j but the lei*t-hand peiiod. ia 
only 1 instead of 14; and it would be a gteat error to take 119 
an approximation to the root required. 

The same remai-k applied to the rules for extracting the Col 
root, now about to be given. 

21. To find the cube root of an exact cube of not more 
nine figures ; divftle the given ciihe into periods of three figti 
beginning at the decimal point ; look in the column of cubes 
the same figures similarly divided into periods; the root wUl 
opposite. Then place the decimal ^loint so that the root shall 
the same number of integer figures that the cube has of integ 
periods. 

23. To extract the approximate cube root of a given nninl; 
that is not an exact cube, correct to three figures; divide 
given number into periods of three figures, commendog at 
decimal point; then look in the column of cubes for the ueare 
cube thai ftas the Sonne le/i-hatid period with the given number; 
root opiwaite that square will be the required approximate root- 

23. To extract the approximate cube root of a given nnmH 
hayisg three periods of figures that is not an exact cube, corn 
to five places of figures. For the first three figures, take the re 
of that cube in the table which ia next below the given numU 
and hav its iefl-hand peiiod the sarne. Subtract that cube from 
given number; annex two noughts to the remainder; then dii 
it by the three figures already found, by the same tliree fif 
plus one, and by 3; the integer figures of the quotient will " 
two additional figures of the approximate root. (Should there 
bnt one integer figure in the quotient, insert a. nought bofore it). 



ExAiiPLES OF Rules 21, 23, and 23. 

I. Extract the cube root of 53'582633. Bivide the number inf 
periods of three figures, beginning at the decimal point, thi 
53-582 633. Then amongst the cubes in the table whose left-hai 
period is Hb there is found 53 582 033, the cube of 377; so that 
number is &n exact cube. The deciniai. -jovat coming bej 




\i 



53- 5S2 633 = 3'77=> 



POWERS — KECIFBOCilLS — LOGAumiMa. 

tlie first and second periods in tte culje shows that the decimal 
point comes between the first and second periods in the root; 
■whicii 13 therefore 3'77. 

II. Extiact the approjtimate cube root of 53*6803, correct to 
three figures. Divide the iiumbet into periods of three figures, 
thuB, 53-689 300. Then we have, 

Given number,.., 53' 689 300 

Hearest cube of which the I 
left-hand period ia 53,... / 
Therefore 3 '77 is the approximate root required 

III. Extract the approxiiuate cube Kiot of 53'6893, oorrect ta\ 
five figures. 

Given number, in periods aa before,... 53* 689 300 

Next leS3 cube in the table,..,. 53' 582 6 33 = 3773 

Divide by 377 ) 106 667 00 Dif. 

Divide by 378 ) 28^ 93 

Divide by 3 ) 75 

Quotient, being the two additional figures required^ 25 
3 7735, approximate root. 

Use of Squares for Midilplication. 

24. To multiply two numbers together by means of a table 
|ii&res. 

Case I. If both numbers are odd, or both even; from the square 
of their half-sum subtract the sqiiare of their balf-diitereoce; the 
remainder will be the product required 

Case II, If one number is odd, and the other even ; Hnbtraot 
1 ftom the even number, so as to leave an odd remainder; 
multiply the first odd number and the odd remainder together as 
in Case I, and to their product add the first odd number; the sum 
jwill be the product required. 

Example I. — Multiply together 377 and 591 

Half-sum, -^ = 484 ; its square, 334256 

214 
Half-diffi, ~ = 107 ; ita square, 11449 



4 



2 



Product required, 332807 

ElAMPLE II. — Multiply together 377 and 592. 
377 X 591, by Case I. =223807 
Add 377 

Product required, 3331&4 



KUUBERS AND FIOUREa 

Connmon Logarithms, 

25. The logaritlim of 1 is 0, 

26. The common logarithm of 10 is 1, and ttat of any power of 
10 is the index of that power; in other words, it is equal to tlie 
number of uoughte in the power; thus the conamon logtu-itbra of 
100 is, 2; that of 1000, 3; and ao on. 

27. The common logarithm of "1 is — 1, and that of any power 
of ■! is the index of that power witt the negatiye signj that ia, it 
is equal to one more than the number of noughta between the 
decimal point and the figure 1, with the negative sign; for example, 
the common logarithm of '01 is— 2^ that of -001," 3 ■ and so oa. 

28. The logarithms given in the table are merely the fructitmal 
jMirts of the logarithma, correct to five places of deciraalfi, without 
the integral pai-ta or indices; which are suppUed in each, case 

^^ ac^Mrding to the following rtilea ; — 

^B The index of the common logarithm of a number not less than 
^m 1 is one less than the number of integer pkces of figures in that 
number; that ia to say, for numbers lesa than 10 and not less than 
1, the index is ; for immbere lesa than 100 and not lesa than 10, 
the index is 1 ; for numbers less than 1000 and not leas than 100, 
the index ia 2 J and so on. 

The index of the common logarithm of a decimal fraction less 

than 1 ia negmiive, and is one more than the number of noughts 

between the decimal point and the significant figures; aud the 

^H negative sign is usually wiitten above instead of before the index; 

^B that is to say, for iiumbet^ lesa than 1 and not less than '1, the 

^^ index is 1; for numbers less than *1 and not lesa than Olj the 

index ia 2; and ao on. 

The fractional part of a common logarithm is always positive, 
and depends solely upon the series of figures of which the number 
conaiatSj, and not upon the place of the decimal point amongst 
them. 





P0WEB8 — RECIPROQALS— LOGARITHMS. 9 

29. The lo^rithm of a product is the sum of the logarithms of 
its factors. 

30. The logarithm of a powet ia equal to the lo^rittm of the 
root mailtiplied by the indox of the power. 

31. The loganthui of a quotjent is found by suhtractiag tbe 
logarithm of the divisor from the loga-rithtn of the dividend, 

32. The logarithm of a root is found by tU^-iding the logarithm 
of one of its powers by the index of that power. 

Note, — In applying the principles 29 and 31 to logatdthms of 
numbers lt?fja than 1, it ia to be observed that negative indices are 
to be siibti'acted instead of being added^ aud added instead of being 
sabtracted. 

33. To avoid tlio inconvenience which attends the nae of negative 
indices to loganthms, it is a very common praotica to put, instead 
of a negative index to the logarithm of a fraetioi), the complement 
(as it is called) of that index to lOj that is to say, 9 instead of T, 
8 instead of 2, 7 instead of 3, and so on. In such cases, it ig always 
to be understood that each anch coropleraentory index haa — 10 
combined with it; and to prevent mistakes, it is useful to prefix 
— 10 + to it j for example, 

Vn»i>»i» tiOgajltism witli Logarithm with 

^ IfeeHUve Index. Complementary luilei 

•377 I'57634 _ 10 + 957634 

■0377 2-57634 ^10 + 8-57634 

■00377 3-57634 -10 + 7-57034 

L To find the fractional part of the common logarithm of a 
number of five places of figures j take from the table the logarithm 
corresponding to the fii^t three figiifcs, and the diflerence between 
that logarithm aud the next greater logarithm in the table; mnl- 
tiply that difference by the two remaining figures of the given 
number, and divide by 100; the quotient will be a coiTectioiij to 
be added to the logarithm already found. 

Exiaipu:. — Find the common logarithm of 37725. 

Log. 377,.. 57634 

Log. 378, 57749 

Difierence,.... ,, 115 

x25 ^ 100 

Correction,... 29 

Add log. 377,.... 57G34 

Log, 37725, ...57663 Ansiffer. 

35. To find the natural number, or ctfitiloguriihjrif coiTesponding 
to a common logarithm of five places of decimals, which is not in 
the table; find the next leaiSj and the next greatex \og,a.\TjJiMQ. Su 
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the table, and take their difference. Opposite the next less 
logarithm will be the first three figures of the antilogarithm. 
Subtract the next less logarithm from the given logarithm ; annex 
two noughts to the remainder, and divide by the before-mentioned 
difference; the quotient will give two additional figures of the 
required antilogarithm. (The first of those figures may be a 
nought.) 

Example. — Find the antilogaiithm of the common logarithm 
•57663. 

Next less log. in table, 57634 

Next greater, 57749 

Difference, 115 

Qiven logarithm, 57663 

Subti-act log. 377, 57634 

Divide by difference, 115)2900 

Two additional figures,... 25 

80 that the answer is 37725. 



Explanation op Table 1a and Table 2. 

Table 1 A, immediately following Table 1, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to seven, and the reciprocals to 
nine places of decimals. 

Table 2, following Table 1 a, gives the squares and fifth powers 
of numbers from 10 to 99 inclusive. 





9 






■ 


Squiirc. 


Cube. 


Reciprocal, 


C, Loff. 




I 02 Ot 


I 030 301 


■009900990 


00432 




10404 


I 06 1 208 


'009803922 


00860 


■i 


... I 06 09 


... 1 092 737 


-009708738 


012S4 




108 id 


t 134864 


■009615385 


01703 


I 10 2$ 


1 157 6:25 


•009533810 


02119 


f9i 


... 1 12 36 


... I igt 016 


-009433962 


°253^ 




1 1449 


1225043 


■009345794 


02938 




1 16 64 


1359713 


•009259^59 


0334» 




... t iS8t 


... I 295039 


-009174312 


.. .03743 




I 2C 00 


I 331 000 


'009090909 


04139 




I 23 21 


I 367 631 


'009009009 


04533 




... 1 3544 


... I 404 928 


-008928571 


......04923 




127 69 


14^3897 


-00884955a 


05308 




I 29 g6 


1 481 544 


-008771930 


05G90 




... 13335 


... 1520875 


■008695653 


......06070 




I34S'S 


I 560896 


'OO86 20690 


06446 




13689 


I 601 613 


'O08547OO9 


06819 




... I 3g 24 


... 1643032 


.......008474576 j 


......07188 


m 


t 41 61 


I 685 159 


■008403361 


07555 


■ 


I 4400 


1 7 28 000 


•008333333 ' 


07918 


\ 


... I 46 41 


... 17715^1 


.,...,■□08264463 


08379 


\ 


I4S84 


1815848 


-008196731 


08636 




I 51 29 


1860867 


■008130081 


08991 




... 15376 


... I 906624 


.......008064516 


09342 




J 56 25 


1953125 


•008000000 


09691 




15876 


2000 376 


■OO793650S 


10037 




... I 61 29 


... Z04S383 


...,.,•007874016 


,,,.,. 10380 




1 16384 


5097 152 


-007812500 


10731 




N 16641 


2 146 689 


■00775 I93B 


11059 




u .,. I 6900 


... 2 197 OQO 


.'007692308 


.,.,..11394 




1 I 71 61 


3 24S09I 


•007633588 


11727 




17424 


2 299 968 


•00757 57. 58 


12057 




... 17689 


*" 2352*37 


.-007518797 


......12385 




i79 5<i 


a 406 1D4 


'0 07 462687 


12710 




I 82 25 


2460373 


■007407407 


13033 




.,, I 8496 


•" 2515456 


-007352941 


13354 




I 87 69 


2.'37i 3S3 


■007299370 


13672 




19044 


3 628072 


■007246377 


139SS 




... I 93 21 


... 2685619 


-007194245 


...... 14301 




1 96 oo 


3744000 


■007143S57 


14613 




19881 


2 803 221 


■007092199 


14922 




... 2 01 64 


... 2863388 


'007043354 


.,..-.15229 




2 04 49 


3 924 207 


'006993007 


15534 




20736 


2 985 984 


-006944444 


rsM 


\ 


2 ro25 


3048625 


'oo6&96^t^2 


\ ^^^"!a 










j 
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No. 
146 

U7 
148 
149 
150 

151 
152 

153 
t54 
155 
156 

157 
158 

159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 

173 

174 
175 
176 
177 
178 
179 
180 
181 
182 

183 
184 
185 
186 
187 
188 
Ii8p 
/ tpo I 



Square. 
2 13 16 
2 1609 

, 2 1904 
2 2201 
2 2500 

. 2 2801 
23104 
23409 

. 2 37 16 
240 25 
24336 

. 2 46 49 
2 4964 
25281 

, 2 56 00 
25921 
2 62 44 

. 2 65 69 
26896 
27225 

.27556 
27889 
282 24 

. 28561 
28900 

2 92 41 

• 2 95 84 
29929 
302 76 

. 30625 
30976 

31329 
.31684 
32041 
32400 
. 32761 
33124 
33489 

. 3 38 56 
34225 

34596 

• 3 49 69 

3 53 44 
35721 

36100 



Cube. 
3112136 

3176523 
3241792 

3 307 949 

3 375 000 
3442951 
3511808 

3581577 
3652264 

3723875 
3796416 
3869893 
3944312 
4019679 

4 096 000 
4 173 281 
4 251 528 
4330747 
4410944 
4492125 

4 574 296 
4 657 463 
4741632 

4 826 809 
4913000 

5 000 21 1 
5 088 448 

5177717 
5 268024 

5 359 375 

5451776 

5 545 233 

• 5639752 

5 735 339 

5 832 000 

. 5929741 
6028568 
6128487 

. 6 229 504 
6331625 

6 434 856 
. 6 539 203 

6 644672 
6751269 
6 859 000 



ReciprocaL 
•006849315 
•006802721 

■•006756757 
•006711409 
•006666667 

.•006622517 
•006578947 
•006535948 

.•006493506 
•006451613 
•006410256 

.•006369427 
•006329114 
•006289308 

.•006250000 
•006211180 
•006172840 

.•006134969 
•006097561 
•006060606 

.•006024096 
•005988024 
•005952381 

.•005917 160 
•005882353. 
•005847953 

.•005813953 
•005780347 
•005747126 

.•005714286 
•005681818 
•005649718 

.•005617978 
•005586592 
•005555556 

.•005524862 
•005494505 
•005464481 

..•005434783 
•005405405 
•005376344 

..•005347594 
•005319149 
•005291005 
•005263158 



CLog. 

16435 

16732 

...17026 

17319 
17609 

...17898 
18184 
18469 

...18752 

19033 
19312 

...19590 
19866 
20140 

...20412 
20683 
20952 

...21219 
21484 
21748 

,..22011 
22272 
22531 

...22789 

23045 
23300 

..•23553 
^3805 
24055 

...24304 
24551 
24797 

...25042 
25285 

25527 

...25768 

26007 

26245 

,...26482 

26717 

26951 

....27184 

2741^ 
27646 

27875 



p 






""VH 


^M 


I 


m^ 


Square. 


CLbe. 


Reeipr'XJLL 


C. Log. 


■ 


' 191 


36481 


6967 S7I 


■005235602 


3S103 




T93 


36864 


7 077 888 


■OO520S333 


28330 




193 


— 37349 


,„ 7 189057 


,.....■005181347 


2S556 




194 


37636 


7301384 


■005154639 


28780 


1 


195 1 


38025 


7414875 


•005128205 


29003 


■ 


ig6 


...38416 


'■■ 7529536 


....,.■005102041 


.29226 


■ 


197 ' 


38809 


7645373 


■00507614a 


29447 


■ 


t^a 


3 92 04 


7762392 


•005050505 


29667 


m 


199 


... 39601 


... 7880599 


,-005025126 


29^Sb 




200 


4 00 00 


8 000 000 


■00500000a 


30103 




SOI 


4 04 QI 


S 120 601 


•004975124 


30320 




202 


... 408 04 


... 8 342 408 


-004950495 


.->... 30535 




203 


4 J2 09 


8 36s 427 


■OO4926108 


3°75o 




204 


4 16 16 


8 489 664 


•OO49OI961 


30963 




205 


... 42025 


... S615135 


.......004878049 


.3^175 




206 


4^4 3f> 


8741 816 


■004854369 


31387 




207 


42849 


8B69743 


•QO4830918 


31597 




208 


... 43364 


... 8 998 91a 


.,....•004807693 


......31806 




309 


4 36 Si 


9129329 


•004784689 


32015 




210 


44100 


9261 000 


'OO4761905 


323S2 




211 


... 4 45 Si 


- 9393931 


-004739336 


32428 




212 


4 49 44 


9528 128 


004716981 


32634 




213 


45369 


9663597 


■004694836 


3283a 


1 


214 


... 45796 


... 9800344 


.......004672897 


.33041 


■ 


2T5 


462 25 


9938375 


■004651 163 


33344 


■ 


216 


46656 


10077 6()6 


•004629630 


33445 


■ 


217 


... 47089 


...TO 2i3 313 


-004608295 


33646 


V 


2[8 


47524 


TO 360 232 


•004537156 


33846 




219 


47961 


10303459 


■DO45662IO 


34044 




220 


... 48400 


...10648000 


■ '004545455 


34^42 




221 


48841 


10793861 


-004524887 


34439 




3^3 


4 92 84 


10 941 048 


■004504505 


34635 




223 


... 49729 


,..11089567 


004484305 


34B30 




324 


5 01 76 


11239434 


■004464286 


35025 




1 225 


5 06 25 


II 390625 


■004444444 


3521S 


^ 


236 


... 5 1076 


...II 543 176 


'OO4424779 


• 35411 


■ 


327 


5 15 29 


116970S3 


■004405286 


35603 


■ 


i2% 


51984 


II 852 352 


•004385965 


35793 


■ 


H^S2gi 


... 52441 


,..I3 008 989 


....,.■004366812 


......35984 


n 


■^3° 


5 29 00 


12 167 000 


■004347826 


36173 




B-'3t 


5 3.i 61 


13 326 391 


•004329004 


36361 




^■^32 


■" 53^34 


...12487 l63 


.......004310345 


......36549 




■ ^33 


54289 


13649337 


■004291845 


36736 




^■^.K 


5 47 .^>6 


I 2 8 1 2 904 


■004273504 


36923 




^■^5 


53325 


12977875 


■004255:519 


\ ^l^^T \ 




^^^^^ 


- 


J 



u 



No. 


Square. 


Cube. 


Reciprocal 


CLog. 


236 


55696 


13 144 256 


•004237288 


37291 


237 


56169 


13312053 


'OO42I9409 


37475 


338 


... 56644 


...13481 272 


-004201681 


37658 


239 


57121 


13 651 919 


■004 1 84 1 00 


37840 


240 


57600 


13 824 000 


•004166667 


38021 


241 


... 58081 


•.13997521 


004149378 


38202 


242 


58564 


14 172 488 


•OO413223T 


38382 


243 


59049 


14348907 


•0041 15226 


38561 


244 


••• 59536 


...14526784 


-004098361 


38739 


245 


60025 


14706 125 


•004081633 


38917 


246 


60516 


14886936 


'OO406504I 


39094 


247 


... 6 1009 


...15069223 


-004048583 


39270 


248 


61504 


15252992 


•004032258 


39445 


249 


6 2001 


15438249 


•004016064 


39620 


250 


... 62500 


...15625000 


^004000000 


39794 


251 


63001 


15 813 251 


•003984064 


39967 


252 


63504 


16 003 008 


•003968254 


40140 


253 


... 64009 


...16x94277 


-003952569 


40312 


254 


64516 


16 387 064 


•003937008 


40483 


255 


65025 


16 581 375 


•003921569 


40654 


256 


... 65536 


,..16777 216 


-003906250 


40824 


257 


66049 


16 974 593 


•00389 105 1 


40993 


258 


66564 


17 173 512 


•003875969 


41162 


259 


... 67081 


...17373979 


•003861004 


41330 


260 


67600 


17576000 


•003846154 


41497 


261 


681 21 


17 779 581 


•OO383I418 


41664 


262 


...68644 


...17984728 


^003816794 


41830 


263 


691 69 


18 191 447 


•003802281 


41996 


264 


69696 


18399744 


•003787879 


42160 


265 


... 70225 


...18609625 


003773585 


42325 


266 


70756 


18 821 096 


•003759398 


42488 


267 


7 1289 


19 034 163 


•003745318 


42651 


268 


... 71824 


...19248832 


003731343 


42813 


269 


72361 


19 465 109 


•003717472 


42975 


270 


7 2900 


19683000 


•003703704 


43136 


271 


... 73441 


...10902511 


-003690037 


43297 


272 


73984 


20123648 


•003676471 


43457 


273 


74529 


20346417 


•003663004 


43616 


274 


...75076 


...20570824 


"003649635 


43775 


275 


75625 


20796875 


■003636364 


43933 


276 


7 61 76 


21024576 


•003623188 


44091 


277 


...76729 


...21253 933 


-OO361OI08 


44248 


278 


77284 


21484952 


■003597122 


44404 


279 


77841 


21 717 639 


•003584229 


44560 




7 8400 


21 952 000 


•003571429 


44716 



^ 15 ^^^B^^^^^^l 


No. 


Square. 


Cube, 


Redproeal. 


C. Lug 


m 


a8i 


7 3961 


22 188 041 


'OO3558719 


44871 


^ 


283 


79534 


22 425 76S 


•003546099 


45025 




283 


,., 80089 


...22665187 


-003533569 


......45«79 




284 


S0656 


22 906 304 


■003521127 


45332 




285 


81225 


23 149 125 


'QO3508772 


454S4 


1 


286 


... 81796 


■••23 393 ^5^ 


'003 4 96503 


• 45637 


1 


387 


82369 


23 639 903 


■003484331 


45788 


1 


288 


8 2944 


23887872 


-003472223 


45939 


/ 


389 


... 83521 


-34137569 


.'003460308 


......46090 


' 


390 


8 41 00 


24389 000 


■003448276 


46240 




2Cfl 1 


84681 


24642 171 


•003436426 


46389 


', 


2^2 


... 85264 


.,,34897088 ' 


-003434658 


46538 




*93 


85849 


25153757 


■003412969 


46687 


i 


294 


8 64. 36 


23412 184 


003401361 


46835 




295 


... 87025 


--25672375 


-00338 983 1 


..,.,.46982 




296 


87616 


25934336 


■003378378 


47129 


1 


297 


88209 


26 198073 


'003367003 


47276 




298 


... 8 88 04 


.,.36463593 


■003355705 


47422 




499 


8 9401 


26 730899 


•003344482 


47567 




300 


90000 


2*1 000000 


■003333333 


477^3 




3or 


.,, 90601 


...27 270 901 


-003332259 


......47857 




302 


9 laOij 


27543608 


•0033T1258 


48001 




303 


9 1809 


27818127 


•003300330 


48144 




304 


... 92416 


.,.28 094464 


-003289474 


......48287 


1 


303 


9 30 25 


28373635 


■003278689 


4843a 




306 


9 3<5 36 


28 652616 


■003267974 


48573 


1 


307 


... 94249 


.■■28934443 


'003257329 


......48714 


, 


308 


9 4S<'4 


29218113 


'003246753 


48855 


M 


309 


95481 


29503629 


■003236246 


48996 


^ 


310 


... 96100 


..,39 791 000 


...,..'003225806 


......49136 




311 


967 21 


30080 231 


■003215434 


49276 




1 3^2 


9 73 44 


30371328 


-003205128 


49415 




313 


... 97969 


...30664297 


-003194888 


......49554 




314 


98596 


30959144 


•003 1 847 1 3 


49693 




315 


9 92 25 


31255875 


'003174603 


49S31 




\ 316 


... 99856 


■ ■.31 554 4 9^ 


-003164557 


49969 




317 


1004 89 


31 855 013 


'003154574 


50106 


^ 


: ' 3iS 


10 11 24 


3215743^ 


•OQ3 144654 


50343 


■ 
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... 10 17 61 


"■32461759 


-003134796 


......50379 


^ 


1 320 


to 24 00 


32 768000 


•003125000 
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10 30 41 


33 076 161 


•003115265 


50651 


i 
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... 103684 
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.50786 
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326 


106276 


34 645 976 


•003067485 


51322 


327 


1069 29 


34 965 783 


•003058104 


51455 


328 


... 107584 


..•35287552 
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51587 


329 


10 82 41 
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•003039514 


51720 
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108900 


35 937 000 
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51851 
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... 10 95 61 


...36 264691 
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51983 
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36 594 368 


•003012048 


52114 


333 


II 08 89 


36926037 


•003003003 


52244 


334 


... II 1556 


.••37259704 
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5237s 


335 


II 22 25 


37 595 375 


•002985075 


52504 


336 


II 2896 


37 933 056 
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337 


... II 3569 


...38272753 
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II 4921 
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•002949853 
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340 


... II 5600 
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39651821 
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•002906977 
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41781923 
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348 
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54158 


349 
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54407 
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54900 
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366 
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57513456 


'OO 2 5 906 7 4 


58659 
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1664 64 
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■ 


42a 
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•003369668 


<5253t 


F 


433 
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.......002358491 
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■002353941 
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77308776 
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78402752 


'002336449 


63144 
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18 4041 i 
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■002331002 
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...79507000 


-002325581 


63347 




43t 


185761 
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'0023 20 1 86 


6344S 




43a 


186624 


80621563 


■002314813 


63348 
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18 S3 56 


81746504 


'002304147 


fi3749 
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'002298851 
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...82881856 


,...,,■002293578 
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■002288330 


64048 
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'002372727 


64343 
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■003267574 
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...86350888 
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......6454a 




443 
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Sfi 938 307 


■002257336 


64640 , 




444 


197136 


G7 528 384 


'003352252 


64738 ! 




445 


... 1980 25 


...88 121 125 


, ■002247191 


64836 




446 


1989 16 


88716536 


■002242153 


64933 




447 


19 98 09 


89314623 


•002237136 1 


65031 




443 


... 2007 04 


...89915392 


■003232143 , 


C5T28 




449 
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90 51 S 849 


•002227171 
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91 125 000 
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,., 203401 
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65514 1 
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455 
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98611 138 
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■ 463 
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66558 




■ 464 
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99 S97 344 
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21 62 25 
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6693a 
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T08 531 333 
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......67943 
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68124 
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-002066116 


......68485 




485 
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■003061856 
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.■002053388 
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488 
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116 214 273 


•002049180 


68842 




489 
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•002044990 
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...117 649000 


...,..■002040816 


......69020 




49» 


24 10 81 
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69108 




49a 


242064 


119095488 


•003033520 


69197 
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.„ 243049 


.,.119823157 


,,....■002028398 


69285 
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244036 


120553784 
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69373 
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24 50 25 
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•O0302O3Q3 


69461 




49<S 


... 2460 16 


...122 023 ^^6 


-002016129 


......69548 




497 


347009 


132763473 


■002012072 


69636 
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■002398082 


62014 
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17 6400 
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^ 
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'002375297 


62428 


■ 


423 


178084 


75^51448 


■00236966S 


63531 




423 


178929 


75686967 


'002364066 


62634 




424 


... 179776 


.,,76 225024 
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62737 




425 


18 06 25 
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•002352941 


62839 
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18 1476 
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427 
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...77854483 
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.63043 




42H 
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429 
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63246 
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... j8 4900 
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'002325581 
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432 
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433 
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■ 
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^ 
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64048 
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439 
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1962 49 
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88649 




771 


59 44 4^ 


458314011 


•001297017 


8S705 




77* 


... 595984 


...460099648 


001295337 


88762 




773 


59 75 29 


461 889917 


■001293661 


8S818 




774 


59 90 76 


463 684 824 


•001291990 


888 


775 


60 06 25 


465484375 


•001 29032 J 


ftS 
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No. 


Square. 


Cube. 


Reciprocal. 


C L 


776 


O02I 76 


467 288 576 


•001288660 


8{ 


777 


60 37 29 


469057433 


•OOI2870OI 


8< 


778 


... 605284 


...470910952 


-00x285347 


s; 


779 


606841 


472729139 


•001283697 


8< 


780 


608400 


474 552 000 


•001282051 


81 


781 


... 609961 


...476379541 


•OOI2804IO 


8 


782 


61 15 24 


478 211 768 


•001278772 


8 


783 


613089 


480 048 687 


•001 277 139 


8 


784 


... 6t 4656 


...481 890304 


-00X275510 


8 


785 


61 62 25 


483736625 


•00x273885 


8 


786 


61 77 96 


485 587 656 


•00x272265 


8 


787 


... 619369 


...487443403 


-00x270648 


8 


788 


620944 


489303872 


•001269036 


8 


789 


622521 


491 169069 


1001267427 


8 


790 


... 62 41 00 


...493039000 


-00x265823 


8 


791 


625681 


494 913 67 1 


'00x264223 


8 


792 


627264 


496793088 


-00X262626 


8 


793 


... 628849 


...498677257 


-00126x034 


8 


794 


63 04 36 


500566 184 


•001259446 


8 


795 


63 20 25 


502459875 


•001257862 


9 


796 


... 633616 


-504358336 


-OOI25628X 


9 


797 


63 52 09 


506 261 573 


-001254705 


9 


798 


63 68 04 


508169592 


•00x253133 


9 


799 


... 638401 


...510082399 


-00x25x564 


9 


800 


64 00 00 


512000000 


•001250000 


9 


801 


64 16 01 


513 922 401 


•00x248439 


9 


802 


... 643204 


...515849608 


-001246883 


9 


803 


64 48 09 


517 781 627 


•001245330 


9 


804 


6464 16 


519718464 


•OOI243781 


9 


805 


... 648025 


...521 660125 


^001242236 


9 


806 


64 96 36 


523606616 


•00x240695 


9 


807 


65 X2 49 


525 557 943 


•001239x57 


9 


808 


... 652864 


...527 514 112 


^00x237624 


9 


809 


65 44 81 


529475129 


•00x236094 


9 


810 


65 61 00 


531 441 000 


•00x234568 


9 


8ti 


...657721 


—533 4" 731 


-00x233046 


9 


812 


65 93 44 


535 387 328 


•OOI231527 


9 


813 


66 09 d^ 


537 367 797 


•00x2300x2 


9 


814 


... 6(t 2596 


—539353144 


•OOX2285OX 


9 


815 


^^ 42 25 


541343375 


•00x226994 


9 


816 


e^ 58 56 


543 338 496 


•00x225490 


9 


817 


... 667489 


-545338513 


-00x223990 


9 


818 


d^ 91 24 


547343432 


•001222494 


9 


819 


67 07 61 


549353259 


•00x22x001 


9 


Oan 


<5^ 24 00 


551368000 


•00x2x9512 


9 
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P732I 



T 'V _ < 



1293 
■Jit 




01 
04 



16 



• O »0 3fj 
- 73273(5 

""4449 
6164 



•?3 
73 



737881 
739600 
741321 
743044 
74 47 6g 
746496 
748225 



553 3S7 fi'^i 
555412248 

•557441767 
559476224 

561515635 

■5^3 559 97^ 
565 609 283 
5*57^^3552 

,569722789 
571 7S7000 
57385C191 

■575 930 3<58 
578009537 
580093704 

.583 182875 
584277056 

5^6376353 
.588480472 
590589719 
592 704000 
•594823321 
596 947 688 
599077 107 
.601 zii 584 
603351 125 

60549573*5 

.607645423 
609 800 193 
611 9G0049 

-614 125000 
616 295051 
6tS 470 2d8 

.620650477 
623 835 864 
625 026 375 

.637 222 D16 
629422793 

631 628 7 12 

■633 ^39 779 
636 056 000 
6382773B1 

.640503928 

642735647 
644972544 
647 214625 



•001218037 
•001316545 

,•001215067 
•00 1 2 13592 
'001212I2I 

. 'OOI 2 10654 
•001209190 
■001207729 

.■001206273 
'OOI204819 
•001203369 

,'001201923 
■OOI2OO480 
•001199041 

.'ooi 197605 

■001 196172 

*ooii94743 

.■0011933x7 
001191895 
•001190476 

.•001189061 
•001 187648 
•0011S624O 

.■001 184834 
•001 183433 
•001182033 

.'ooii 80638 
001179245 
•001177856 

.■001176471 
'ooi 175088 
'001173709 

. -001172333 

'OOII70960 
•001 169591 

.■001168224 
'OOI 1 6686 1 
•0011615501 

.'001164144 
'001162791 
"001161440 

.■001160093 
•001158749 
•0011^7407 
•OOt lli6c>^r> 



C- Lag, 
9M34 
91487 
...91540 

91593 

91645 

...9t6:?8 

9J75t 
91803 

...91&55 

91908 

91960 

...92012 

92065 

92117 

.,.92169 

92221 

92273 

...92.^24 

92376 

92428 
,.,92480 

92583 

...92634 
926a6 
92737 

...92788 
92840 
92891 

...92942 
93993 
93t344 

—93095 
93146 

93t97 

• -93247 

93298 

93349 

• ■'93399 

934. ^iO 

9;j60l 

9365L 



1 


■ 


W^ 


^B 


r 


^ 


1 


p 


No, 


Square. 


Cub^^. 


Reciprocal, 


C. Log. 






B66 


74 99 5*5 


649461896 


■001154734 


93752 






86r 


751689 


651714363 


■001153403 


93S0* 






868 


...753424 


...653973032 


.001152074 


93852 






B69 


75 51 61 


656 234 909 


•001150748 


93902 






870 


756900 


658 503 000 


•001149425 


9:i96^ 






87 r 


...758641 


,..660776 311 


'ooi 148106 


94003 






872 


760384 


663054848 


'oo 1146789 


94052 






873 


76 31 39 


665338617 


•001145475 


94101 






874 


...763876 


.,.667 627 624 ' 


...,..■001144165 


94»5i 






875 


765625 


669921875 


■001143857 


94201 






876 


767376 


673 22T 376 


•OOTT41553 


94250 






877 


„. 76 91 29 


...674526133 


......'OOIT4025I 


■ 94300 






878 


77 08 84 


676836152 


■001138952 


94349 






879 


772641 


679 151 439 


•001137656 


94399 






880 


... 774400 


...681 472 000 


'OOII36364 


94448 






88 c 


77 61 6i 


683797841 


•001 135074 


9449S 






883 


777924 


686128968 


'00 1 133787 


94547 






883 


...779689 


...688465387 


....„'ooi 132503 


.94596 






884 


781456 


690 807 104 


'OOI 13.1 223 


9464S 






885 


78 32 25 


693 154 125 


■001129944 


94694 






886 


... 784996 


."695506456 


....^.■ooii28668 


94743 






887 


786769 


697 864 103 


■001127396 


9479a 






888 


788544 


700 zsj 072 


■DO 1126136 


94841 






889 


... 79=^321 


...702595369 


...,..-001124859 


94890 






890 


79 21 OD 


704 969000 


•001133596 


94939 




L 


891 


793881 


707347971 


'001I22334 


94988 




^ 


892 


... 795664 


...709733388 


......'OOI 12 1076 


95036 




■ 


S93 


79 74 49 


712 121957 


■001119821 


95085 




^ 


894 


799236 


714516984 


■001118568 


95134 






895 


... So 1025 


...716917375 


.....,'ooiii73j;8 


95183 






896 


8028 16 


719323136 


•00T116071 


9523T 






897 


80 46 09 


721734273 


■001 114827 


95379 






893 


... So 64 04 


...724150792 


-001113586. 


95328 






899 


808201 


726572699 


■00T112347 


95376 






900 


8r 0000 


729000000 


'OOlllIIIT 


95424 






901 


... 81 1801 


...731 432 701 


.,.,,-■001109878 


95472 






902 


813604 


733870S08 j 


■001108647 


95521 






903 


815409 


736314327 


•001107430 


95B69 






904 


,.. 8t 72 16 


...738763264 


.......001106195 


956^7 






905 


81 90 25 


741 217 6.25 


■001104973 


95665 






906 


82 d8 36 


743677416 


, •001103753 


95713 






907 


... 83 2649 


...746142643 


..,..,•001102536 


• 95761 




i 


908 


824464 


748613313 


'001101321 


95809 






909 


82 62 81 


75IOS9429 


■ooiiooiio 


95856 




f_ -/ 


82 81 00 


753571000 


■001098901 


95904 




N " 










^ 


1 







i^V 


"■^■1 


m 


1 


No. 


Sqioft 


C-jbt 


i;-OT,-.-!_ 




■ 


911 


82 ^g St 


756 c- 




9595* 




912 


83 t? 44 


75^5J- :- 


,_ 


95999 




9^3 


-.. 833569 


...76l046497 


1001095290 


96047 




914 


83 53 96 


7<>3 55^ 944 


-001094093 


96095 




915 


837225 


766060875 


1001092896 


96142 




916 


... 839056 


...768575296 


...... -001091703 


......96190 


H 


917 


84 08 89 


771 095 213 


-001090513 


96237 


■ 


918 


84 27 24 


773620633 


1001089325 


96284 


^M 


919 


...844561 


"•77615^559 


xx}io88t39 


9633a 




920 ' 


84 64 00 


778 638 000 


•001086957 


96379 




921 


848241 


781 229961 


W1085776 


96426 




933 


... 850084 


.■-783777448 


......001084599 


96473 


I 


9*3 


851929 


786 330 467 


•001083424 


96520 


934 


85 37 76 


788889024 


'O0J082251 


96567 




925 


...855625 


• 791 453 125 


-001081081 


......96614 




926 


857476 


794022776 


-00 1 07 99 1 4 


96661 




9^7 


S5 93 29 


796 597 983 


•001078749 


96708 




9*8 


... 86 II 84 


...799(78753 


.,..,.'001077586 


......96755 




929 


863041 


Box 765 089 


■001076426 


96802 




930 


86 49 00 


804 357 ooo 


001075269 


96848 




931 


... 866761 


,..806954491 


'001074114 


96895 




932 


868624 


809557568 


■00107 296 1 


96942 




933 


87 04 89 


812 166 237 


■001071811 


9698S 




934 


... 87 23 56 


-..S14780504 


-001070664 


97035 




935 


874225 


S17 400375 


'001069519 


97081 




936 


87 6096 


820 025 856 


•001068376 


97138 




937 


... 877969 


...823656953 


■001067236 


97174 




938 


879344 


825293672 


-001066098 


97220 




939 


88 17 21 


827 936 019 


-001064963 


97267 




940 


... 883600 


...830584 000 


,,....-001063830 


......973»3 




941 


885481 


833237621 


'001062699 


97359 




942 


887364 


835896888 


•001061571 


97405 




943 


... 88 92 49 


...838561807 


-001060445 


9745* 




944 


89x136 


841 332384 


•00T059322 


97497 




945 


89 30 25 


843 908 625 


-ODT058201 


97543 




946 


... 89 49 i6 


...846590536 


,..,,.■00105708? 


97589 




947 


896809 


849278123 


•001055966 


97635 




948 


89 87 04 


851971 392 


■001054852 


97681 




949 


... 90 oC 01 


..■S54670349 


-001053741 


97727 




950 


90 25 00 


S57 375000 


•001052633 


97773 




951 


904401 


860085351 


•001051525 


97818 




952 


... 906304 


,.,862801 40B 


.,....■□01050420 


97864 




953 


9083 09 


865523177 


•001049318 


97909 




954 


91 at 16 


868250664 


•001048218 


97955 1 


935 


91 30 25 


870983875 


■001041 V 20 


\ (^ftCiQ 
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i 
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No. 


Square. 


Cube. 


Reciprocal. 


C. Los- 


956 


913936 


873722816 


•001046025 


98046 


957 


915849 


876467493 


•001044932 


98091 


958 


... 917764 


...879317 912 


'001043841 


98137 


959 


91 9681 


881 974079 


•OOTO42753 


98182 


960 


92 1600 


884 736 000 


•00 1 04 1 667 


98227 


961 


-. 923521 


...887503681 


•001040583 


98272 


962 


92 54 44 


890277 128 


•OOIO395OI 


98318 


963 


927369 


893056347 


•001038422 


98363 


964 


„. 929296 


...895841344 


-001037344 


98408 


965 


93 1225 


898632125 


•001036269 


98453 


966 


93 31 56 


901 42S696 


•00 1 035 1 97 


98498 


967 


... 939089 


...904231063 


'001034126 


98543 


968 


93 70 24 


907 039 232 


•001033058 


98588 


g6g 


938961 


909 853 209 


•001031992 


98632 


970 


... 94 0900 


...912673000 


^001030928 


98677 


971 


94 2841 


915 498611 


'OOIO29866 


98722 


972 


94 47 84 


9183.30048 


•001028807 


98767 


973 


... 946729 


...921 167 317 


'OOIO27749 


988II 


974 


948676 


924010424 


•001026694 


98856 


975 


95 06 25 


926859375 


•00102564 1 


98900 


976 


... 952576 


...929714 176 


•001024590 


98945 


977 


95 45 29 


932574833 


•OOIO2354I 


98989 


978 


95 64 84 


935441352 


'OOIO22495 


99034 


979 


... 958441 


..•938313739 


'OOIO21450 


99078 


980 


g6 04 00 


94 T 192000 


•001020408 


99123 


981 


g6 2361 


944 076 141 


•OOIOI9368 


99167 


982 


... 964324 


...946 966 168 


'001018330 


992II 


983 


g6 62 89 


949862087 


•001017294 


99255 


984 


g6 82 56 


952 763 904 


•OOIOI6260 


99300 


985 


... 97 02 25 


...955671625 


'001015228 


99344 


986 


97 21 96 


958 585 256 


•OOIOI4I99 


99388 


987 


97 41 69 


961504803 


•OOIOI317I 


99432 


988 


... 97 61 44 


...964430272 


•OOIOI2I46 


99476 


989 


97 81 21 


967 361 669 


•OOIOIII22 


99520 


990 


98 01 00 


970 299 000 


•OOIOIOIOI 


99564 


991 


... 98 2081 


...973242271 


'001009082 


99607 


992 


98 40 64 


976 I9X 488 


•001008065 


99651 


993 


98 60 49 


979 146 657 


•001007049 


99695 


994 


... 988036 


...982 107 784 


•001006036 


99739 


995 


99 00 i^5 


985074875 


•001005025 


99782 


996 


99 20 16 


988 047 936 


•00 1 0040 1 6 


99826 


997 


... 994009 


...991026973 


'001003009 


99870 


998 


99 60 04 


994 01 1 992 


'OOI002004 


99913 


999 


99 8001 


997 002 999 


•OOIOOIOOI 


99957 


1000 J 


...JQOOOOO 


...1000 000 000 


'oo 1 000000 


00000 
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Table 1 a. — ^Apfboxihatb Squabe akd Cubs 
Recipbocals of Fbihe Ncmbebs fbox 2 



No. Square Root. Cube Root. 

2 1*4142136 1-2599210 

3 17320508 1-4422496 

5 22360680 17099759 

7 2-6457513 1-9129312 

II 3-3166248 2*2239801 

13 36055513 23513347 

17 4*1231056 2-5712816 

19 4'3588989 2*6684016 

23 47958315 2-8438670 

29 5*3851648 3*0723168 

31 55677644 3-1413806 

37 6*0827625 3-3322218 

41 6*4031242 3-4482172 

43 65574385 3*5033981 

47 68556546 3-6088261 



53 


7*2801099 


37562858 


59 


7-6811457 


3-8929965 


61 ... 


... 7*8102497 


••• 3-9364972 


67 


8-1853528 


4*0615480 


7^ 


8*4261498 


4' 1 408 1 78 


73 ... 


... 8-5440037 ... 


-.- 4-1793392 


79 


8-8881944 


4-2908404 


83 


9-1104336 


4-3620707 


89 ... 


— 9'43398ii ... 


... 4-4647451 


93 


9-6436508 


4-5306549 


97 


9-8488578 


4-5947009 



Boots akd 

TO 97. 

ReciprocaL 
0*500000000 

•333333333 

•200000000 

•142857 143 
•090909091 
•076923077 
•058823529 
•052631579 
-043478261 
•034482759 
•032258065 
•027027027 

*024390244 

•023255814 

•021276600 
•018867925 
•OI6949I53 
•016393443 
'014925373 

•014084507 
•013698630 
•oia<S582a8. 
•01 2048 1 93 
•01 1235955 

•010752688 
•010309278 
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TABLE OF &3UARE5 


ASD riFTS POWEBa. ^^^^1 


1 




Sqmjre. 


Fifth Power. 




S^uure. 


FlfUi pawer. VH 


IG 


I OO 


1 00000 


55 


3025 


503a 8437s 


■ 


II 


I 21 


1 61051 


56 


3i3'5 


5507 31776 


■ 


TS 


T44 


2 48832 


57 


3249 1 


6016 92057 


■• 


13 


I £9 


371293 


SB 


33^4 


6Bn 5^768 


w 


14 


10 


537824 1 


59 


3481 i 


7149 24299 




15 


325 


1 59375 


60 


36 00 


7776 00000 




i6 


a 56 


10 48576 


6t 


3721 


844s 9^3^! 




I? 


289 


14 19S57 


63 


3844 


9161 32833 


u 


i8 


324 


1889568 


63 


3969 


9924 36543 


■ 


19 


361 


34 76099 


64 


4096 


10737 41834 


■ 


20 


4 00 


32 00000 


65 


4325 


1 1602 90625 


■ 


31 


441 


40 84101 


66 


43 5^ 


1253332576 


■ 


22 


484 


SI 53632 


67 


44 S9 


i35or 35107 


■ 


23 


529 


64 36343 


63 


4624 


14539 33568 


■ 


34 


576 


79 62624 


69 


4761 


15640 31349 


■ 


^5 


625 


91 ^5625 


70 


4900 


16807 00000 


■ 


26 


676 


iiB 81376 


71 


5041 


18043 29351 


■ 


27 


729 


143 48907 


73 


5184 


19349 17633 


■ 


S3 


7S4 


172 10368 


73 


5329 


2073071593 




29 


841 


20s 1 1 149 


74 


54 7^ 


2219006624 




30 


900 


243 00000 


75 


5^25 


23730 46875 




31 


p fii 


s86 29151 


76 


5776 


25355 25376 




3^ 


to 24 


335 S4432 


77 


59 29 


27067 84157 




33 


10 89 


391 ^^^9Z 


7a 


6084 


28S7174368 




34 


1156 


45435424 


79 


634] 


30770 56399 




35 


12 35 


52521875 


80 


6400 


33768 00000 




3^ 


12 96 


60466176 


Si 


6361 


34867 84401 




37 


1369 


^9^ 43957 


82 


6724 


37073 98439 




38 


(4 44 


79235168 


83 


6889 


39390 40643 




39 


15 21 


902 24199 


84 


7056 


4t83i 19424 




40 


16 00 


1024 00000 


85 


72 25 


44370531^25 




41 


16 8r 


T158 56201 


86 


73 9*^ 


47042 70176 




42 


1764 


1306 91233 


87 


7569 


4984a 09307 




43 


1849 


147008443 


88 


77 44 


52773 19168 




44 


1936 


1649 16224 


89 


7931 


55840 59449 




45 


2025 


1845 28125 


90 


Si 00 


59049 ooooo 




46 


21 i€ 


4059 62976 


91 


8281 


62403 2I45I 




47 


22 09 


2293 45007 


93 


8464 


6590S 1523a . 




48 


3304 


2548 03968 


93 


8649 


695C8 83693 


u 


49 


34 01 


283475249 


94 


88 36 


73390 40334 


■ 


50 


2500 


3T25 00000 


9S 


9025 


7737809373 , 


■ 


51 


26 QI 


345025251 


96 


92 16 


81537 26976 


■ 


52 


2704 


3802 04033 


91 


9409 


85873 40257 


F, 


S3 


28 Op 


4181 95493 


98 


9604 


90392 07968 


^ / 


. S4 1 


^i? I^ 


45pi 65024 


99 


gS 01 


95099 00499 _ 


i 


^ 


^^^ 








^^^ 







w^ 


33 




^^B 


TiBLI 


2iL- 


PfilME PaOTOES of 


NunBEsa 


UP TO 25C, 1 




(Kombem without Factors are 


blLemselTea Prime.) ^^H 


S 




43 


= 2 '3 7 


S& 


^H 


3 




43 




S3 


^^H 


4 = 


= 2^ 


44 


2*-II 


84 


^H 


5 




45 


s'^s 


85 


^m 


6 


2 3 


45 


233 


86 


^H 


7 




47 




87 


^H 


8 


23 


48 


3*'3 


88 


^^m 


9 


3' 


49 


7» 


89 


^^M 


lO 


3 '5 


SO 


3-5> 


90 


3-3^-5 ^H 


II 




51 


3-17 


91 


^H 


12 


32.3 


52 


32-13 


93 


3^23 ^H 


13 




S3 




93 


^H 


14 


37 


54 


jt-jS 


94 


^B 


IS 


3-5 


55 


511 


95 


^H 


i6 


2* 


56 


3^7 


96 


^H 


17 




57 


319 


97 


^^H 


i8 


a'3* 


58 


3-29 


98 


■ 


19 




59 




99 


^H 


20 


3«-5 


60 


2^3'5 


100 


^H 


ai 


37 


61 




lOI 


^^H 


32 


a-ii 


63 


231 


103 


^1 


23 




63 


3^7 


103 




34 


aS'3 


64 


3a 


104 


^H 


25 


5* 


(J5 


5-13 


105 


^H 


35 


213 


66 


z'3ii 


106 


^H 


a? 


3^ 


67 




107 




38 


3«7 


68 


2^17 


io3 


^1 


*9 




69 


3'23 


109 


^^H 


3° 


2'3'5 


70 


2-57 


no 


^H 


3' 




71 




in 


^■' 


33 


3S 


72 


23-32 


113 


^H 


33 


311 


73 




"3 


^^1 


34 


a'lj 


74 


z-3/ 


114 


^H 


35 


S'7 


75 


3-5^ 


115 


^H 


36 


32-32 


76 


32-19 


ir6 


2^-29 ^^H 


37 




77 


711 


117 


^m 


38 


2-19 


78 


3313 


118 


^H 


39 


3-^3 


19 




119 


^H 


40 


2«-5 


80 


2;-5 


120 


2«-3-5 ^H 


4* 




8i 


3* 


lai 


^H 












^^^^^^^^^^^^^H 



~ 










^^^ 


^^^ 
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ITUHBEStS 


ASD FIOUREa. 




, 


132 = 


= 261 


167 




212 = 


= 22-53 


1 


123 


341 


168 = 


3*-37 


2T3 


371 


^H 


124 


38-31 


169 


i3« 


214 


3*107 


^^H 


1*5 


5* 


170 


2-5'i7 


215 


5 "43 


^H 


126 


2-3'' -7 


171 


3^'i9 


216 


2^-3» m 


^^1 


127 




173 


2^43 


3T7 


7'3i ^1 


^H 


128 


2^ 


173 




218 


2-109 ^H 


^^1 


129 


3*43 


174 


2-339 


219 


373 ^M 


^^1 


130 


2513 


175 


5^7 


220 


2^-5 -I I 


^^B 


13^ 




176 


2*'ll 


221 


13-^7 


^^1 


133 


23-3ir 


177 


359 


222 


2-3'37 


^^1 


133 


719 


178 


2-89 


223 




^^B 


134 


2'67 


179 




224 


2^7 


^^1 


135 


3^5 


iSo 


22-38-5 


235 


3^-5^ 


^H 


136 


22,17 


i8r 




226 


2-113 


^^1 


137 




182 


27-13 


227 




^H 


138 


2323 


183 


3'^ I 


228 


22-3-19 


^H 


139 




184 


23-33 


229 




^H 


140 


^^■57 


185 


5-37 


230 


2-5-23 


^^1 


141 


3-47 


186 


2-3-31 


231 


3711^ 


^H 


142 


2*71 


187 


ii'i7 


233 


2^-29 ^^1 


^^B 


143 


1113 


l83 


22-47 


233 


^ 


^H 


144 


2*-38 


189 


3^7 


234 


^■3*i3 1 


^^1 


145 


529 


190 


2-5-19 


235 


5*47 1 


^H 


1 46 


273 


191 




236 


3^-59 J 


^^M 


H7 


37^ 


192 


3^ '3 


237 


379 ^H 


^H 


MS 


2=37 


193 




23S 


^7''7^| 


^^B 


149 




194 


g'97 


239 


, ■ 


^^P 


150 


2'3-5^ 


^9B 


5-3'i3 


240 


''3-5V 


^H 


151 




ig6 


2^-f 


241 


^ 


^H 


153 


2^-ig 


^91 




243 


211^ 1 


^B 


HB 


32-17 


198 


2'fii 


243 


K 1 


^^1 


154 


3-7 It 


199 




244 


2^-6 r J 


^^p 


IS5 


531 


zoo 


23-53 


245 


57' M 


^H 


156 


2^'3^3 


201 


367 


246 


2-34t^H 


^H 


157 




203 


2-I0I 


247 


^3 19 ^M 


^^1 


158 


3-79 


203 


7-29 


248 


2^*391^ 


^^1 


IS9 


3S3 


204 


2^-3'i7 


249 


383 


^^B 


160 


3*'5 


205 


5-41 


250 


2-5^ 


^^B 


161 


7-23 


306 


2-103 


251 




^^1 


162 


3-3* 


207 


32-23 


252 


22-3^7 


^H 


163 




208 


2*'I3 


253 


11-23 


^^1 


164 


22-41 


209 


xi'ip 


25 + 


2-127 


^^p 


165 


3-5-^ I 


2rD 


2 -3 -5 7 


253 


S'S-^" 


1 


166 


283 


211 


. , 


256 


f.'"- 
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122 = 


= 2-6i 


167 




212 = 


= 22-53 


123 


3-41 


168 = 


= 28-37 


213 


371 


124 


22.31 


169 


13* 


214 


2-107 


125 


5« 


170 


2-5-17 


215 


5 43 


126 


2.32.7 


171 


32.19 


216 


28.38 


127 




172 


22.43 


217 


7-3t 


128 


27 


173 




218 


2-T09 


129 


3 43 


174 


2-3-29 


219 


373 


130 


2513 


175 


5*7 


220 


22-s-ii 


131 




176 


2*- 11 


221 


1317 


132 


22-3II 


177 


3-59 


222 


2.3.37 


133 


719 


178 


2-89 


223 




134 


2 67 


179 




224 


26.7 


135 


3^5 


180 


22.32.5 


225 


3*-5* 


136 


28.17 


181 




226 


2113 


137 




182 


27-13 


227 




138 


2-3-23 


183 


3-61 


228 


22-3-19 


139 




184 


28-23 


229 




140 


22-5'7 


185 


537 


230 


2-5-23 


141 


3-47 


186 


2-3-31 


231 


37-11 


142 


271 


187 


11-17 


232 


28-29 


M3 


11-13 


188 


22-47 


233 




144 


24-32 


189 


3'-7 


234 


2.32.13 


145 


5*29 


190 


2-5-19 


2.35 


5-47 


146 


273 


191 




236 


22-59 


147 


3-7^ 


192 


26.3 


237 


379 


148 


22-37 


193 




238 


27-17 


149 




194 


2-97 


239 




150 


2-3-5' 


195 


5-3I3 


240 


2*-3-5 


15^ 




196 


2272 


241 




15? 


2*-t9 


197 




242 


2-ll2 


153 


32.,^ 


198 


2 •32- 1 1 


243 


3^ 


154 


27'It 


199 




244 


22-61 


155 


5'3i 


200 


2S.52 


245 


57* 


156 


22-313 


201 


367 


246 


2-341 


157 




202 


2'IOI 


247 


1319 


158 


279 


203 


7-29 


248 


28.391 


159 


3'53 


204 


22-3-17 


249 


383 


160 


26-5 


205 


5*41 


250 


258 


161 


7-23 


206 


2-103 


251 




162 


2-3* 


207 


3*'23 


252 


22.32.7 


163 




208 


2*13 


253 


11-23 


164 


22-41 


209 


11-19 


254 


2-127 


165 


3*5-" 


210 


2-3-5'7 


255 


3-517 


166 


2-83 


211 




256 


28. 



t0(UftRSS$. 




3 MSB Z jk—Hmmmaiuc, XAmiA^r, ok 



CrcB 1 «• Ifia To fiwi tk l^rpoboik k^uftihat «C ma intafMr 

■g^ifiiaM CgMM^ imI add ta H t£» ptodnel of tfcf" hvptrtnllo 
llfginttfli of 10 1^ At wmmixx of Boogliti (this mmr hn Iwioii 1^ 
tW «id of the Meand coIiebui of ikble 3 a]^ For tnonplo, in> find 
lie kjpoiicfic ki^nxtiiia of ^700; 






I 



Hjp. log. 37, ..3 01092 

2 « Hvjt log. 10,,. .,„..4'60517 

HVp, kg. 3700, SiHm 



Note. — - Multiples of the lijperbolic logarithm of 10 may be ttik^ 
IroB tlie second column of Table 3 a. 

2. The hTperbolic Ir^rithm of the product of two Qumbcm id 
th« sam of their hypevlwlic ItTgarithois. For example, 



L 



Hyjx log, 74 ..........4*30407 

Hyp. log, 50, „..,...3 Ill2ii2 

Hyp. log, 3700, tiil()U9 



3. To find the hyperbolic logarithm of a decimal fractioi* contain- 
ing not more than two signiliciint figiirts ; tsihe fiinn tlu* U\U\v XUo 
hyperbolic logarithm corresponding to those figtiit'is, jiml l<iko tlitt 
difference between it and a3 many tiuiea the liy|*erlKiiif loptritluu 
of 10 a£ there are places of clecimAls, Tliat diffei\>noL* will he tlio 
required logarithm, and will be positive or nfgativo ac(»>i'ding a& 
the fraction ia grciiter ot less than 1. For exam pie, 

H^-p. log. 37, 3-GIO03 

Hyp, log. 10, 2-302r)a 

Hyp. log. 3-7,.... +l-30ya3 

Hyp. log. 37, 3-G10J>2 

SxHyp. log. 10, fJW7C 

Hyp. log. 0-037, - iTay at44 

In sach examples as the last, the fmctional aa well as tho iulegrHl 
part of the hypet-bolic logaritlim is negative. 

4. Examples of the use of Table 3 a, 
I. To find the hyperbolic logarithm of 377 from its common 

fchm; 




logarithm 
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2'57G34, common logaritlini, 

2...,. : 4-605170 

5 1151293 

7 161181 

13816 

3. 691 

4 &2 

Sum, 5'932243 

The iTequired hyperbolic logarithm is tlitis found to be 5'9332-i, 
correct to five placea of decimals; the sixth being rejected as HabitJ 
to eiTor. 

II. To find the common logarithm corxesponding to the hyper- 
bolic logarithm §'93324; 

5- ...2171472 

9 „ 390S65 

3 13029 

2 ec9 

2 87 

4 17 

2-576339 

from Tvhichj rejecting the last place of figures as liable to etroT} the 
required common logarithm is found to be 2"57634. 

5, To calculate the hyperbolic logarithm of the ratio of two 
numbers -without logarithmic tables j divide the difference of the 
mimbers by their sumj then add together twice the quotient, two- 
thirds of its cube, two-fifth a of its fifth powei-, two-seveoths of its 
seventh power, and bo on, until the required degi*ee of accuracy has 
been attained ; the result of the summation will be the required 
hyperbolic logarithm. 

377 
Example. — Eeqnired the hyperbolic logmithm of ^^, 

g ^=j^ = '00 937 OS quotient, oorrect to the seventh p 

of decimals. 

Quotient, -0093708 X 2 =; '01S7416 

Cube, -0000009 Xg = -OOOOOOG 
o -_^^ 

377 
Hyp. log. of 57^, correct to the seventh place of decimals, '0187422 

^^_ Oi u 

^V Note, — ^This process may be used in fiinding hyperbolic log- . 
f iiiithms of numbers not in the table. For example, to find the 
■hynei'bcliQ logsnitbm of 377, wo have 





HYPEHBOUC LCJCARITHMS, 



hjp. log. 370, 
377 



2 -3025 « 
501350 



Hyp. log. '^sTy already calculated, 0'01874 



Hyp. log. 377,- 



,.5m2U 



G. To find the anUJogarithm (or natui-al number) con-espoudi ^ 
to & given positive hyperbolic Ifigaritlim by calciiLitioii, without 
nsmg jogaritliiuic tablea ; take tlie aum of the following geriefl;^ to as 
many terms as may be neceasary in order to give the requifed 
degree of accuracy; 
t 

First terin = L 

Second term = The given hyp. log, 

given hypu log. 



ThiMterm = second term X 




2 



Pourth term = third teiTn x S^^^^^^J^E^' ; 

Fifth term = fourth tem X ^^^^^ Y^' ^''^' J 
and so otL 

accuracy of this process is the greater the smaller the given 
hyperbolic logarithm. 

ExampilE. — ^To calculate the hyperbolic antilog^rithra of 1 (in 
other words, the number whose hyperhoHc logaiithm ia 1) to 
Mven places of decimals; 

iKt term, ......1-0000000 



2d 


3» 






...IflOOOOOO 


3d 




= 


2d X 4 


0-5000000 


4th 


If 


=: 


3d ii i 


01666G67 


5th 


)l 


- 


4th X \ 


0-04166C7 


eth 


» 


= 


5th X i 


O-O083333 


7th 


» 


i= 


6th X ^ 


0013889 


8th 


if 


= 


7th X 1 


0-0001984 


9th 




= 


8th X f 


00000248 


10th 




■^ 


9th X 4 


0O000027 


Ilth 


» 


= 


10th X iV 


0-0000003 



Hyperbolic antUogarithm of 1 = 2-7182818 

This number is called the hoM^ of the Napenan LogarithmSj and 
di^Qoted in algebra by the symbol eov e. 
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Table 3. — Hyperbolic Logarithhs. 



Na 


H3rp.Log. 


Na 


Hyp. Log: 


Na 


Hyp. Log. 


Na 


Hyp. Log.. 


1 


o-ooooo 


26 


3-25810 


51 


3-93183 


76 


433073 


2 


0-69315 


27 


329584 


52 


3-95124 


77 


4-34381 


3 


I '0986 1 


28 


333220 


53 


3-97029 


78 


4-3567 * 


4 


1 '38629 


29 


336730 


54 


3-9»898 


79 


4-36945 


5 


1*60944 


30 


3-40120 


55 


4-00733 


80 


4*38203 


6 


I79176 


31 


343399 


56 


4-02535 


81 


4-39445 


1 


194591 


32 


3-46574 


57 


4-04305 


82 


4-40672 


8 


207944 


33 


349651 


58 


4-06044 


83 


4-41884 


9 


219722 


34 


352636 


59 


4-07754 


84 


4-43082 


lO 


2-30259 


35 


355535 


60 


4-09434 


85 


4*44265 


II 


2-39790 


36 


358352 


61 


4-11087 


86 


4-45435 


13 


2-48491 


37 


3-61092 


62 


4-12713 


87 


4-46591 


13 


2-56495 


38 


363759 


63 


4-14313 


88 


4-47734 


14 


263906 


39 


366356 


64 


4-15888 


89 


4-48864 


15 


270805 


40 


368888 


65 


417439 


90 


4-49981 


i6 


277259 


41 


371357 


66 


4-18965 


91 


4*51086 


17 


2-83321 


42 


373767 


67 


4*20469 


92 


4-52179 


i8 


2-89037 


43 


3-76120 


68 


4*21951 


93 


4*53260 


19 


2-94444 


44 


378419 


69 


4*234 1 1 


94 


4-54329 


20 


299573 


45 


380666 


70 


4-24850 


95 


4-55388 


21 


30445a 


46 


3-82864 


71 


426268 


96 


4-56435 


22 


3-09104 


47 


3-850x5 


72 


4*27667 


97 


4-57471 


23 


313549 


48 


3-87120 


73 


4*29046 


98 


4-58497 


24 


3-17805 


49 


3-89182 


74 


430407 


99 


4-59512 


25 


3-21888 


50 


3-91202 


75 


431749 


100 


4-60517 



Hyp. log. 10, correct to eight places of decimals, = 2'30258509. 



Table 3 a. — ^Multipliers for Converting Logarithms. 



Oommoa into Hyperbolia 


Hyperbolic into CommoD. 


I 2-302585 


0-434294 I 


2 4-605170 


0868589 2 


3 6907755 


1-302883 3 


4 9-210340 


1737178 4 


5 11-512925 


2171472 5 


6 13-815510 


2-605767 6 


7 1 6118096 


3040061 7 


8 18-420681 


3-474356 8 


9 ao-723266 


3908650 9 


JO 23 -02585 > 


4-342945 10 





B^ 


OUlCtrtAB LENGTHS AMD ASLEAS. 




? 


V TjLelb 4. — MuLTiPLrEiia for 


THE Conversion 


OF ClBaJLAR ^1 






Lengths 


Am> AHRAa 




■ 




A.— Cirenmforeiioes B.— Diwneterg 


<l-^Ctrcamr««iMsaa ] 


D.— BAdJiu-XeDgtIu ^1 




JntA 


muj 


joto 


into 


' 




Dl&miebei^ 


Cli-cumfBi-encea. 


B»dinA-l4!iiigflu. 








31416 


0-31831 


6-3833 


0*15916 


I 


H^ 


6-2832 


0-63663 


125664 


0-31831 


3-| 




9-4348 


o'95493 


18*8496 


0-47747 


i 


Wu 


12-5664 


1 27324 


25-1337 


0-63663 


4 


MS 


157080 


^■59^55 


3i*4i59 


079578 


5 


' 6 


i8'8496 


1-90986 


37-6991 


o'95493 


6 


l7 


3: -991 1 


3-22817 


43*9823 


1-11409 


7 


^^ 


251327 


2-54648 


50-2655 


1-27324 


8 


H? 


28-2743 


2-86479 


56*5487 


1-43240 


9 


■ 


31-4159 


3-18310 


63*8319 


^59^6$ 


to 


I 


E —Cirenlar Areas F,— 3qa»re Amm 


a— Degrsfis a 


— Sadlas-Leiigtlu 




^^H 


Into 


IDbO 


into 


[tltO 




^B 


Sqtur« Areas, 


Circular Areaa. 


BbtUuB-LenflJu, 


Dsgreaa. 




^fe 


07854 


1-2733 


0-0174533 


57*2953 


r 


B^ 


1-5708 


3-3465 


0-0349066 


114*5916 


2 


Bb 


2-356* 


3-8197 


0-0523599 


171*8873 


3 


4 


3I416 


S'0930 


0-0698132 


229*1831 


4 


wS 


3-5270 


6-3662 


0-0872665 


2S6-4789 


5 


V 
" 


47124 


7-6394 


0-1047197 


3437747 


6 




5-4978 


8-9127 


O-I22173O 


401*0705 


1 


1— g 


6-2833 


10-1859 


0-1396263 


438-3662 


8 


9 


7-0686 


11-459^ 


0-1570796 


515*6620 


9 


lO 


7-8540 


12-7334 


0*^745329 


573-9578 


10 


■ 


tntd 
ItatLIiia-LBagtliB. 


into 


L. — Seconds It— Kadins-TjeDgtiu 


^^ 


^P 


llhiufais. 


Eatiina-IjeDgHia 


t3««ciiid& 


■ 


Hjt 


0*000291 


3437 '75 


0-000005 


2o6s6^ 


X I 


^■a 


0-000582 


6875-50 


0*000010 


4^2530 


'■ 


■3 


0-00087 3 


10313-34 


0-000015 


618794 


^m 


H4 


0-001164 


13750*99 


0*000019 


825059 


^1 


IV5 


0-001454 


1718874 


0-000024 


1031324 


^m 


6 


0-001745 


20626*48 


0*000029 


1237589 


^m 


7 


0-002036 


24064-23 


0-000034 


144385+ 


?■ 


8 


0-00^32^ 


27501-97 


o -0000 3 9 


1630118 


8 


9 


0-002618 


30939 7 ir 


0-000044 


1S563B3 


9 


10 


0*003909 


34377-47 


0-000048 


2062648 


10 


20 


0-0058 1 8 




0-000097 




40^ 


.10 


Q'008727 


...... 


0-000145 




40 


0-011635 




0-000194 




£ 


0*014544 




0-000243 




J 



Examples of toe TJsb of Table 4. 

I. What is the cmnimference of a circle whose diameter is 113 
inohes? From divisiou A of the l^bk, lye haye the following ; 

100 31416 

10 31 416 

_3 9-42*8 

113 Sum, 355-00Q8 

The answer ia 35t> inches; the fourth and third places of 
decimals, bdug rejected as beyond the limit:^ of exsictuesa of 
the table. 

II. Wtat ia the ludiua of a circle Those circumference is 710 
inches 1 From division B of the table, we have the following:— J 

700.,,,.,. 111-409 

10... l-d916 

710 Svm, 1130006 

The answer is 113 inches; the fcvurth place of decimak beiii^ 
rejected as beyond the limits of the exactness of the table. 

IIL What is the area in square inches of a circle of 8 inches 
diameter? Square of 8=64 = ai'e» in (^rcWor incites. Then^ by 
division E of the table, 

60 ..,.,.47134 

4,. 31416 

Ana in square inches {toJive^guTea <m^j/), 50*366 

TV, Wliat is the diameter of a circle whose area is 5027 sqt 
inches I Frum. dividou F of the table we have 

^000 .........6360-3 

20....... 25'iG5 

7 8-0127 

Area in circnlar iTicIiea {to jivt JigitTes onl^), 6400-6 

the square root of which (by Table 1, the fractions being found 
calculation) is 80-004, being the diameter required iu inches, correct 
to five places of figures. 
T. How many radins-lengtha are there in an arc of 57° 17' 4o'*i' 

EuIlnfi^LeDgthB, 

IVom division G, 50'^ 0-873665 

" — 7^.. 0122173 

— — I, 10' 0002909 

— — 7' 0-002036 

— — L, 40" 0-000194 

^ — 5" 0000024 

Total, 67° 17' 45" lUUOOOl 

cj almost exactly one radius-length. 
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VI. How many minutes are there in the arc which is one- 
eightietb (or 0*0125) of a radius-length? By division K we have 

•01 34-3775 

•002 6-8755 

•0005 1-7189 

42-9719 Armoer; 
or 42' 58" nearly. 



EXPLANATIOK OP TaBLE 5. 

This table gives the circumferences and areas of circles, of 
diameters from 101 to 1000; the circumferences computed to two 
places of decimals, the areas to the nearest unit. Circumferences 
and areas for diameters not in the table may be computed by the 
aid of the following principles : — 

1. The circumferences of circles are proportional to their diam- 
ebecB, 

2. The areas of circles are proportional to the squares of their 
diameters. 



T^BLK 5. — ClBCUMFERENCES AND 


Abeas of Cibcles. 


Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


lOI 


31730 


8012 


146 


458-67 


16742 


I02 


32044 


8171 


147 


461-81 


16972 


TO3 


32358 


8332 


148 


464-96 


17203 


104 


32673 


8495 


149 


468-10 


17437 


105 


32987 


8659 


150 


471-24 


17671- 


106 


33301 


8825 


151 


474-38 


17908 


107 


33615 


8992 


152 


47752 


18146 


108 


33929 


9161 


153 


48066 


18385 


109 


342-43 


9331 


154 


483-81 


18627 


IIO 


34558 


9503 


155 


48(5-95 


18869 


III 


34872 


9677 


156 


490-09 


19113 


112 


35186 


9852 


157 


49323 


19359 


"3 


35500 


10029 


158 


49637 


19607 


TI4 


35814 


10207 


159 


49951 


19856 


"5 


361-28 


10387 


160 


502-65 


20106 


116 


36442 


10568 


161 


50580 


20358 


117 


36757 


IO751 


162 


508-94 


20612 


T18 


37071 


10936 


163 


512-08 


20867 


119 


37385 


III22 


164 


51522 


2II24 


120 


37699 


II3IO 


165 


518-36 


21382 


121 


38013 


"499 


166 


521-50 


21642 


122 


38327 


1 1690 


167 


52465 


21904 


123 


38642 


11882 


168 


52779 


22167 


124 


389*56 


12076 


169 


530-93 


22432 


125 


39270 


12272 


170 


53407 


22698 


126 


39584 


12469 


171 


537 "2 1 


22966 


127 


39898 


12668 


172 


540-35 


23235 


128 


402-12 


12868 


173 


54350 


23506 


129 


405-27 


13070 


174 


546-64 


23779 


130 


40841 


13273 


175 


54978 


24053 


131 


4"-55 


13478 


176 


552-92 


24329 


132 


414-69 


13685 


177 


55606 


24606 


133 


417-83 


13893 


178 


559'20 


24885 


134 


42097 


14103 


179 


562-35. 


25165- 


135 


424-12 


14314 


180 


56549 


25447 


136 


42726 


14527 


181 


568-63 


25730 


137 


430-40 


14741 


182 


57177 


26016 


138 


43354 


14957 


183 


574'9i 


26302 


139 


436-68 


15175 


184 


578-05 


26590 


T40 


43982 


15394 


185 


581-19 


26880 


141 


442-96 


15615 


186 


58434 


27172 


142 


446-11 


15837 


187 


587-48 


27465 


143 


44925 


1 606 1 


188 


590-62 


27759 


144 


452-39 


16286 


189 


59376 


28055 


/ X4S 1 


45553 


16513 


190 


596-90 


28353 



1 


^H 




r 


■^1 




1 


lO. 


CjTom. 


Area. 


T •■' : - 


Or-t». 


i-- 




I 


(ioQXJif 


2S651 


236 


741 4» 


43744 




2 


603IJ 


*%53 


237 


744 '56 


44HS 




3 


60633 


29^55 


738 


74770 


444«a 




A 


60947 


^9539 


n9 


750^4 


44861 




5 


6i2-6i 


2S^5 


240 


753-98 


45'39 




6 


^1575 


30171 


241 


757" 


45<S»7 




7 


618-89 


30481 


242 


760-27 


45996 




3 


622*04 


30791 


243 


763-41 


46377 




9 


62518 


31103 1 


^44 


76^-55 


46759 




o 


63833 


31416 


245 


769-69 


47144 


^m 


f 


631-46 


3173^ 


246 


772-83 


475*9 


^^Kk 


2 


63460 


32047 


247 


775-91 


47916 




3 


^3774 


32365 


248 


779'ia 


48305 i 




4 


640-89 


32685 


249 


782»6 


4869s 




5 


64403 


33006 


250 


785*40 


49087 




6 


64717 


33329 


251 


78S-54 


49481 




7 


650-31 


33<554 


252 


791-68 


49^76 




8 


^5345 


33979 


=53 


794-82 


50273 




9 


656-59 


34307 


254 


79796 


50671 




o 


^5973 


34636 


255 


8011T 


51071 




1 


662-88 1 


349^7 


25^ 


804-25 


51472 




2 


666-02 


35299 


237 


80739 


51875 




3 


66916 


35^33 


25S 


Sio-53 


53279 




4 


672-30 


35968 


259 


813-67 


5^685 




5 


<573"44 


36305 


260 


8i6-Si 


53093 




6 


678-58 


36644 


261 


819-96 


53502 




7 


68r?3 


36984 


262 


82310 


S3913 




8 


684-87 


37325 


263 


826-34 


643^5 




9 


688-ot 


37668 


264 


829-38 


54739 




o 


69i'i5 


3^013 


3^5 


832-52 


55155 




I 


694-29 


38360 


266 


83566 


55572 




3 


697-43 


38708 


267 


838-81 


55990 1 




3 


700-58 


39057 


268 1 


841-95 


56410 




!4 


703-73 


39408 


269 


845-09 


56832 






706-86 


39761 


270 


84823 


57256 




!6 


710-00 


40 115 


271 


851-37 


57680 




'7 


713-14 


40471 


273 


854-51 


58107 




!3 


716-28 


40838 


273 


857*6'5 


58535 




*'9 


719-42 


41187 


274 


86o*So 


58965 




P 


722-57 


415453 


275 


863-94 


59396 




{I 


725-71 


419^0 


276 


867-08 


59828 




{2 


738-83 


42273 


n? 


870-22 


60263 




S3 


73i'99 


43638 


278 


873-36 


606 y 9 




14 


735-13 


43005 


279 


876-50 


61 136 




J5 


73^-27 


43374 


280 


87965 


61575 




fc 


^^^ 




^^ 


^^^ 




J 



p 


■ 


W^ 


44 




^H 


■ 1 


Dinm. 


CirciML 


Area. 


Diam. 


Orciim. 


Aira. 


Hi 


38l 


88279 


62016 


326 


1024*16 


83469 


^F 


a82 


885'93 


63458 


337 


1027-30 


83982 


W 


283 


889-07 


62902 


333 


1030-44 


84496 


■ 


284 


892-21 


*>3347 


3^9 


io33'S8 


85012 


■ 


285 


89535 


63794 


330 


103673 


85530 


■ 


2B6 


898*50 


64242 


33^ 


1039-87 


86049 


■ 


387 


901*64 


64692 


332 


1043-01 


86570 


■ 


288 


90478 


65144 


333 


104615 


87091 


■ 


289 


907-92 


65597 


334 


104929 


S7616 


■ 


Z9P 


911-06 


66052 


335 


1052*43 


8814I 


■ 


291 


914-20 


66508 


336 


1055-58 


88663 


■ 


292 


9i7"35 


66^66 


337 


105872 


89197 


■ 


293 


920-49 


67426 


33S 


1061 -86 


89727 


■ 


294 


92363 


67887 


339 


1065-00 


90259 


P 


29s 


92677 


68349 


340 


106814 


90792 




296 


929-91 


68813 


341 


I07I-28 


91327 




297 


93305 


69279 


342 


1074-42 


91863 




298 


936-19 


69747 


343 


1 07 7 '57 


92401 


1 


299 


939'34 


70215 


344 


108071 


93941 1 


■ 


300 


94248 


706B6 


345 


1083*85 


93482 


■ 


301 


945-62 


71158 


346 


1086 '99 


94025 


•^ 


302 


94876 


71631 


347 


io9o'i3 


94B^9 




303 


951-90 


72107 


348 


1093-27 


9S"5 




3°4 


9S5'04 


72583 


349 


1096*42 


95662 




30s 


95819 


73062 


350 


1099-56 


96211 




306 


961-33 


73543 


351 


110270 


96763 




307 


964-47 


74023 


352 


1105-84 


97314 




308 


967-61 


74506 


353 


1108-98 


97 868 




309 


97075 


74991 


354 


iitz'is 


98423 




3^0 


973-89 


75477 


355 


i"5'27 


98980 


b 


311 


977-04 


75964 


356 


1118*41 


9953® 


■ 


312 


980-18 


76454 


357 


ii2i'55 


100098 ' 


■ 


313 


9S3'33 


76945 


35^ 


1 124*69 


100660 


■ 


314 


986-46 


77437 


359 


1127-83 


101233 


■ 


3^5 


989-60 


77931 


360 


1130-97 


1017S8 


■ 


316 


99274 


78427 


361 


1134-13 


102354 




317 


995-88 


78924 


363 


1137-26 


102922 




3t8 


99903 


79423 


363 


1140-40 


103491 




319 


1002-17 


79923 


364 


1 1 43 '54 


104062 


1 


320 


1005-31 


80435 


365 


114668 


104635 


^K 


321 


1008-45 


80928 


366 


1149-82 


105209 


^M 


322 


1011-59 


81433 


367 


115297 


105785 


^m 


3^3 


101473 


81940 


368 


1156-11 


T06363 


■ , 


334 


1017-88 


82448 


3^9 


1159*25 


106941 


m 


J^S 1 


T021 -02 


8295S 


370 


1162-39 


T07521 


wL 


^^^^ 


^^^^ 






.^1 



is 



"Diaitu 


Circuin. 




371 


1165-53 




372 


1168-67 




373 


iiji-Bi 




374 


1174-96 




375 


1178*10 




376 


1181*24 




377 


1184-38 




37« 


itS7'53 




379 


1190-66 




3^0 , 


1193B1 




381 


1196*95 




3S2 


1200-09 




383 


1203*33 




384 


1206*37 




3«5 


1209-51 




386 


1212-66 




3S7 


1215*80 




388 


121894 




389 ! 


1222-08 




390 


1225*23 




39^ 


1228*36 




392 


1231 50 




393 


1234*55 




394 


1237.79 




395 


1240*93 




39<S 


1244-07 




397 


1247-21 




398 


1250-33 




399 


1253*50 




400 


125664 




401 


1259*78 




402 


1262-92 




403 


1266-06 




404 


1269-20 




405 


1272-35 




406 


1275-49 




407 


1278-63 




408 


I28I77 




409 


i28+'9i 




410 


1288-05 




411 


i29ri9 




412 


1294-34 




413 


1297-48 




414 


1300-62 




41,1 


i3°3'7<5 





E 



Area. 
108103 
108687 
109273 
[09858 
110447 
111036 
II1628 
II2221 
112815 
I 134 II 
I I 4009 
114608 
I 15209 

:i58i2 
116416 
117021 
117628 
118237 
118847 
IT9459 
: 2007 2 
120687 
121304 
121922 
122542 
123163 
1237&6 
124410 

12503** 
125664 

136393 
126923 
127556 
128190 
128825 
129462 
130100 

130741 

13 I 383 

I3?025 

132670 

[33317 

i339'>5 
134614 

135265 



Diam. 
416 

417 
418 

419 
430 
421 
422 

423 
424 

425 
426 
427 
428 
429 
430 
431 
43a 

433 
434 
435 
43<5 
437 
433 
439 
440 
441 
443 
443 
444 
445 
446 

447 
448 
449 

450 
451 
452 
453 
454 
455 
456 
457 
45S 

459 
460 



Circuin. 


Area, 


1306-91 


135918 


1310-05 


T36572 


1313-19 


137228 


I3i6'33 


137885 


1319-47 


138544 


1333-61 


139205 


132575 


139867 


1328-89 


J 4053 I 


1332-04 


I4II96 


1335-18 


I41863 


1338-32 


142531 


1341-46 


I432DI 


1344-60 


143872 


134774 


144545 


i350'S9 


145220 


135403 


145896 


i357n 


146574 


i3'5o'3i 


147254 


1363-45 


147934 


1366-59 


148617 


13^973 


149301 


1372-88 


149987 


i376'02 ' 


150674 


1379-16 


iSiS^'S 


1382-30 


152053 


i385'44 


152745 


1388-58 


153439 


139173 


154134 


1394-87 


154830 


1398-01 


^565^^ 


1401-15 


156228 


1404-29 


15^930 


1407 '43 


157633 


1410*58 


158337 


1413-72 


159043 


1416-86 


159751 


I42O'00 


160460 


1423-14 


161171 


1426-28 


161883 


1429-43 


162597 


1432-57 


163313 


1 435 7 1 


164030 


1438-85 


164748 


1441-99 


165468 


H45-<^S 


1661^0 



1 


w 


m 


■■ 


W 46 


^^^B 


ll 


Mam. 


Circum. 


Area. 


Di^itl. 


Cimjtn, 


Area, 


1 


461 


r448'27 


166914 


506 


1589*65 


201090 


■ 


462 


1451-43 


167639 


' 5"^? 


159379 


aoi886 


' 


4^3 


1454-56 


168365 


50S 


1595 '93 


2026B3 


^^ 


4^>4 


1457 "70 


169093 


509 


1599-07 


203482 


■ 


4<55 


146084 


169823 


5'o 1 


1 602 '2 1 


204282 


1 


4&6 


1463-98 


170554 


511 


1605-35 


205084 


■ 


467 


r467'i2 


171287 


' 512 


1608-50 


305887 




468 


1470-27 


172021 


513 


161I-64 


206693 




469 


1473*41 


173757 


, 514 


1614-78 


307499 






470 


1476-55 


173494 


515 


161792 


ZOR307 






471 


1479*69 


174234 


516 


1621-06 


2091 17 






472 


1482-83 


174974 


517 


1624-20 


209928 






473 


1485-97 


175716 


518 


1627-35 


210741 






474 


1489-12 


176460 


519 


1630-49 


211556 






475 


1492-26 


177205 


520 


1633-63 


212372 






476 


1495*40 


177952 


521 


1636-77 


213189 






477 


1498-54 


I7870I 


532 


1639-91 


214008 






478 


i5Qi'68 


I7945I 


523 


1643-05 


214839 






479 


1504*82 


180203 


524 


1646-20 


215651 






480 


1507-96 


180956 


5=^5 


1649-34 


216475 






481 


1511*11 


181711 


526 


1652-48 


217301 






482 


t5i4-3S 


182467 


527 


1655-62 


218128 1 






483 


1517-39 


1S3325 


528 


165876 


218956 






484 


152053 


IS3984 


5^9 


1 66 1 "90 


219787 






485 


1523-67 


184745 


530 


1665-04 


220618 






486 


1526-81 


1S5508 


531 


1668-19 


221452 






487 


1529-96 


186272 


532 


167 1 "33 


222287 






488 


1533*10 


187038 


533 


1674-47 


223123 






489 


1536-24 


1S7S05 


534 


1677*61 


223961 






49° 


1539-3S 


188574 


535 


1680-75 


224801 






491 


154^-52 


189345 


53^ 


1683-89 


225642 






492 


1545-6^ 


190117 


537 


1687-04 


226484 






493 


1548-81 


1908(^0 


538 


1690-18 


227329 






494 


1551-95 


191665 


B39 


1693-33 


Z28I75 






495 


1555-09 


192442 


540 


1696-46 


239022 






496 


1 558 -2 3 


I9322I 


541 


1699-60 


229871 






497 


1561-37 


I 94QOO 


542 


1702-74 


230722 






498 


1564-51 


194782 


543 


1705-88 


231574 






499 


1567-65 


195565 


544 


1709-03 


Z32438 






50a 


1570-80 


196350 


545 


1712-17 


233283 






501 


1573-94 


197136 


546 


1715-31 


334140 






502 


1577-08 


197923 


547 


1718-45 


234998 




503 


1580-23 


198713 


548 


1721-59 


235858 \ 


1. 


504 


15S3-36 


199504 


549 


17^4-73 


236720 


1 


I I 


SOS j 


J5S6-50 


ZOO296 


550 


1727-88 


^375^^ 1 



J 



















4T 






Dust. 


OrCMiL 


AfA 


DttM 


C^««M. 


A»m 


551 


I7JT03 


=38448 


5f6 


»«7«« 


nsyai 


553 


173416 


339314 


5W 


»^S'S3 




553 


17 31 3° 


240184 


S^ 


1878^7 


1 554 


1740-44 


241051 


sw 


1881-81 


»$i8o» 


: 555 


17435'* 


2419'^ 


600 


1884^ 


9^*7 n 


556 


1746-75 


243795 


601 


i88fi 10 


aSjfray 


557 


1749^7 


343669 


601 


1891-24 


#84631 


558 


1753^1 


244545 


603 


1894-38 


285578 


559 


175615 


24542* 


604 


1897-32 


iS65j« 


560 


J 759-29 


44630" 


605 


i9oot>6 


287475 


561 


1762*43 


247 181 • 


606 


1903-81 


2SK42O 


562 


1 7 65 58 


248063 


607 


1906-95 


389379 


563 


176872 


248947 


60a 


1910-09 


29033+ 


564 


177 1 86 


249833 


609 


J9»3^3 


»9r«89 


565 


1775-00 


250719 


610 


1916*37 


292247 


566 


1778x4 


251607 


611 


J9i9'5i 


293206 


5^7 


1781-28 


252497 


612 


1923 65 


294166 


568 


17S4-43 


253388 


613 


19 25*80 


295128 


569 


1787-57 


354281 


614 


1928-94 


29609a 


570 


179071 


25517^ 


61s 


193208 


297057 


571 


1793-^5 


256072 


616 


1935-33 


298024 


57 a 


1796-99 i 


25697Q 


617 


1938-36 


398902 


573 


1800-13 


257869 


618 


1941-50 


299962 


574 


180327 


258770 


619 


I944"65 


300934 


575 


1806-42 


359672 


620 


1947-79 


301907 


576 


1809-56 


260576 


621 


1950*93 


302H82 


577 


1812-70 


26148a 


622 


I954'C7 


303«58 


57S 


1815-84 


262389 


623 


1957 '21 


304836 


579 


1818-98 


363298 


624 


I90O-35 


305815 


580 


1823-12 


264208 


625 


^9^*3'^^ 


306796 


5S1 


1825-27 


265120 


626 


1966-64 


3077 7 fi 


583 


182^-41 


26C033 


627 


1 969*78 


308763 


58J 


1831-55 


266948 


628 


1972*92 


309748 


584 


1834*69 


267865 


639 


197606 


3'o73'> 


5^5 


1837-83 


268783 


630 


1979'20 


V^IH, 


586 


1840-97 


269702 


631 


1 982-35 


313715 


5S7 


t844'ii 


270634 


633 


1985 '49 


313707 


588 


1847-26 


271547 


633 


1988-63 


314700 


S89 


185040 


272471 


634 


1991*77 


315696 


590 


1853-54 


273397 


635 


1994-91 


316693 


591 


185668 


374325 


636 


1998*05 


317690 


592 


1859-83 


275254 


637 


2001*19 


318690 


593 


1863-96 


276184 


638 


2004*34 


319693 ' 


594 


186611 


277 I 17 


639 


2007 '48 


320695 


595 


186325 


278052 


640 


2010-63: 


321699 



p 


■ 


^P 


48 




^^ 


1 


Diam, 


Circurn. 


Anra. 


DianL 


Circura. 


Area. 


1 


641 


3013-76 


322705 


686 


315513 


3M05 


K 


642 


2016-90 


3237^3 


687 


3158-27 


3lo6Bi 


■ 


643 


2020-04 


324732 


688 


2l6l'43 


371764 


■ 


644 


2023-19 


325733 


689 


2164-56 


372845 


■ 


645 


2026*33 


32^745 


690 


2167*70 


373923 


K 


646 


2029-47 


327759 


691 


2170-84 


375013 


■ 


647 


2032*61 


32877s 


6g2 


2173-98 


376099 


F 


648 


2°3S-7S 


329792 


^3 


2177*12 


377187 




649 


2033*89 


330810 


694 


2180-27 


378276 




650 


2042*04 


33^831 


69s 


2183-41 


379367 




651 


2045-18 


332S53 


696 


2186*55 


380459 




652 


2048*32 


333^7^ 


697 


2189-69 


3St554 




653 


2051-46 


33490' 


698 


2192-83 


382649 




654 


2054 60 


335937 


699 


a 1 95 97 


38374^ 




655 


^057 74 


33'595S 


700 


219911 


384845 




656 


2o6o*88 


3379^5 


701 


2202*26 


385943 




657 


2064-03 


339016 


703 


3205^0 


387047 




658 


2067*17 


340049 


703 


2208-54 


388151 




6S9 


2070-31 


341084 


704 


22 II -68 


389256 




660 


2073-45 


342119 


7<^5 


3214-82 


390363 




661 


2076-59 


343157 


706 


3317*96 


391471 




662 


2079*73 


344 19^ 


707 


saarir 


392580 




663 


2082*88 


345237 


708 


2224-35 


393692 




664 


3086-02 


346279 


709 


23«7'39 , 


394805 




665 


2o8g-i6 


347323 


710 


2230-53 


395919 




666 


2092-30 


3483^8 


711 


2233*67 


397035 , 




667 


2095*44 


3494^5 


712 


3336-81 


398153 




668 


3098-58 


350464 


713 


2239-96 


399272 




669 


2101*73 


3515H 


714 


2243-10 


400393 




670 


2104-87 


353565 


71S 


2246*24 


401515 




671 


3 r 08*01 


353^18 


716 


2249*38 


402639 




672 


311I'l5 


354673 


717 


3352-53 


403765 




673 


2114*29 


SSSTSc^ 


718 


2255-66 


404893 




674 


2117-43 


356788 


719 


2358-81 


40602Q 


■ 


675 


2120*58 


357^47 


720 


2261-95 


407^50 


■ 


676 


2123*73 


358908 


721 


2265-09 


408282 


■ 


677 


2126*86 


35997 1 


722 


^268 -2 3 


409416 


I 


678 


2130-00 


361035 


733 


2271*37 


410550 


I 


679 


2133-14 


362101 


724 


2274-51 


411687 


M 


680 


2136-38 


363168 


725 


2277-65 


412825 


■ 


681 


2139*43 


364237 


726 


2280-80 


413965 


■ 


682 


2142*57 


3653^^ 


727 


2283-94 


415106 


■ ; 


68j 


2145-71 


366380 


728 


3287-08 


416248 


I 


6S4 


2148-85 


367453 


739 


2290-22 


4*7393 


m ^ 


^^3 1 


2i5i-gg 


368528 


730 


2293*36 


418539 


1, 


_L^B__ 


^^^^ 




^^ 


^^^^ 





B! 


W^ 49 




^ 


n 


^ " 


Area. 


Dum. 


Circum. 


Area. 




1 sz(j6-5o 


419686 


776 


2437«e 


473948 




2299-65 


430S35 


777 


2441*02 


474168 




2302-79 


421986 


773 


2444*16 


475389 




^Z^S-92 


423139 


77? 


2447 30 


476612 




230907 


424293 


7W0 


245a"44 


477836 




Z-^12'21 


425448 


78t 


2453^58 


479062 




231535 


426604 


7S2 


245673 


480290 




2318-50 


427763 


783 


2 459 -87 


481519 




232 1 64 


428922 


784 


2463-01 


483750 




23247^ 


430084 


785 


2466*15 


483982 




2327-92 


431247 


7S6 


2469-29 


485316 




2331-06 


432412 


787 


2472-43 


486451 




2334-20 


433578 


78S 


2475-58 


487688 


1 

1 


2337'34 


434746 


789 


2478-72 


488927 


1 


2340-49 


43591^ 


790 


2481*86 


490167 


1 


2343'63 


437087 


791 


2485-00 


491409 


■ 


2346-77 


43S259 


792 


2488-14 


492652 




■ 23-f9"9i 


439433 


793 


249i'28 


493897 




3a53"o5 


440609 


794 


2494-43 


495143 




2356-19 


441786 


795 1 


*497'57 


496391 




2359*34 


442965 


790 


2500-71 


497641 




2363-4S 


444146 


797 


2503"«5 


498893 


^ 


2365-62 


445328 


79S 


2506-99 


500145 


^ 


236^-76 


446511 


799 


2510-13 


501399 


1 


2371-90 


447697 


800 


2513-27 


502655 




^375"04 


448883 


801 


2516-43 


503913 




237819 


450073 


802 


2519*56 


505171 




2381-33 


451263 


803 


252270 


506432 




2384-47 


452453 


804 


25 25 '84 


507694 




2387-61 


45364^ 


805 


2528-98 


508958 




2390"75 


454841 


806 


2532-12 


510223 




2393-89 


456037 


807 


2535-27 


511490 




2397-04 


457234 


808 


2538-41 


512758 




2400-18 


458434 


809 


3541-55 


514028 




2403"32 


4596 3S 


8ia 


2544-^9 


B^Si'^'^ 




2406-46 


460837 


811 


2547-83 


516573 




2409-60 


462041 


8t2 


2550-97 


517848 




2412-74 


463247 


813 


2554-11 


519124 




2415-88 


464454 


814 


2557-26 


520403 




2419-03 


465663 


815 


2560*40 


531681 




2422-17 


466873 


816 


25^53 54 


522963 , 




2425-31 


468085 


Br7 


2566-68 


524245 




242845 


469298 


3i8 


2569"83 


B^65^9 




2431-59 
2434'73 


47^513 


819 


2573-96 


526814 




471730. 


SZD 


2576*11 


528102 


_j 


^^ 


J 


£ 




^Jjj 


ri 



p 


m 


^Pl 


W^ 


^^^^ 


^B 


w 


Diftiti. 


CincujD. 


Aita. 


Dkra. 


Cifcuro, 


Area. 




821 


2579'25 


529391 


866 


3720-62 


589014 




822 


258239 


530681 


867 


272376 


590375 


■ 


823 


2585*53 


53^973 


868 


2726-90 


591738 


1 


824 


2588-67 


533367 


86 9 


2730-04 


593^02 


1 


82s 


2591-81 


534562 


870 


273319 


594468 


1 


826 


2594-96 


535S58 


871 


2736-33 


595835 


I 


827 


2598-10 


537157 


872 


3739H7 


697204 


■ 


828 


2601 '24 


53845^ 


873 


374261 


598575 




829 


2604-3B 


539758 


874 


27457s 


599947 




830 


2607 -52 


541061 


875 


2748-89 


601320 


1 


«3i 


26iQ'66 


54336s 


876 


2753-04 


602696 


1 


832 


2613-81 


543671 


877 


2755-18 


604073 


I 


833 


26id*95 


544979 i 


878 


2758-32 


605451 


w 


834 


2620-09 


546-88 


879 


2761*^6 


606831 




83s 


2623-23 


547599 


880 


2764-60 


6o82t3 




836 


2626 '37 


S48913 


881 


2767-74 


609595 




837 


2629'5i 


550226 


8S2 


2770-88 


6IO9S0 




838 


2632-65 


551541 


S83 


2774-03 


613365 




839 


2635-80 


552853 


88+ 


3777-17 


613754 


1 


840 


2638-94 


554177 


885 


2780-31 


615143 


1 


841 


2642-08 


555497 


886 


2783-45 


616534 


1 


842 


2645-22 


556819 


SS7 


2786-59 


617927 


1 


843 


2643-36 


558142 


S88 


378973 


61933! 


1 


844 


2651-51 


559467 


889 


3792*88 


620717 


1 


845 


2654-65 


560794 


890 


2796-03 


622114 


1 


846 


3fi5779 


562132 


891 


2799-16 


623513 


l_ 


847 


2 66a -93 


563452 


892 


3802-30 


624913 


h 


848 


2664*07 


564783 ' 


893 


2805-44 


626315 


r 


849 j 


2667-31 


5661 16 


89+ 


2808-58 


627718 


■ 


85= 


2670-35 


567450 


^95 


2811-73 


639124 


1 


851 


2673-50 


568786 


S96 


2814-87 


630530 


1 


852 


2676-64 


570124 


897 


28x8-01 


631938 


w 


853 


3679*78 


571463 


898 1 


2831-15 


633348 




854 


2682-92 


572803 


899 


3824-29 


634760 




855 


2686-06 


574146 


900 


2827-43 


636173 




856 


2639-20 


575490 


901 


2830-58 


6375S7 


K 


837 


2692-34 


576835 


go2 


3833-73 


639003 


I , 


853 


2695-49 


578182 


903 


2836*86 


6 404 31 


1 


859 


369S-63 


579530 


904 


2840-00 


641840 


1 


Bfio 


2701-77 


580880 


905 


284314 


643261 


1 


861 


2704'9i 


582232 


906 


2846-28 


644683 


1 


S63 


270805 


583585 


907 


2849-42 


646107 


■ 


863 


271 1-19 


584940 


90S 


2852-57 


647533 


■ 


864 


2714-34 


586297 


909 


2855-71 


64S960 


i I 


B65, 


2717-48 


587655 


910 


2858S5 


650388 



m 




1^^ 




■■ 


i 


^ Dum. 


GrcUnL 


Ana. 


Diam, 


Cinaim. 


Ar«a. 


1 


ft 9^' 


286T99 


651818 


95^ 


3003*36 


717804 


I 


H 9^^ 


3S6513 


653250 


957 


3006-50 


719306 


1 


H 913 


2868-27 


654684 


958 


3009*65 


720810 




HI 9H 


2671-43 


656119 


959 


3012-79 


733316 




H ^'^ 


2874-56 


<557S55 


960 


3015-93 


723823 




HI ^^^ 


2877-70 


658993 


961 


3019*07 


725332 




H 917 


2880-84 


660433 


g6i 


3022-31 


736843 


1 


B 91^ 


2883-98 


661S74 


963 


3035-35 


728354 


■ 9*9 


2887-12 


663317 


964 


3028-50 


729S67 




P 920 


2S90'27 


664761 1 


9^5 


3031-64 


731382 


a 


921 


2893-41 


666207 


966 


3034-78 


732899 


m 


9-2 


2896-55 


667654 


967 


3037 ■9a 


734417 


1 


, 923 


2Bgg-6g 


669103 


968 , 


3041-06 


735937 


1 


1 9H 


3902-83 


670554 


969 


3044-30 


737458 


1 


^925 


2905-97 


673006 


970 


3047-34 


738981 


■ 


936 


2909*11 


673460 


971 


3050-49 


740506 


n 


957 


3913-2$ 


674915 


972 


3053-63 


742033 


1 


92S 


3915-40 


676372 


973 


3056-77 


743559 


d 


1 929 


29TS-54 


677831 


774 


3059-91 


745088 




930 


292 1 -68 


679291 1 


975 


306 3 "05 


746619 




931 


2924-82 


680753 


976 


3066-19 


748151 ' 




933 


2927-96 


683216 ' 


977 


3069-34 


74968s 




933 


29311 1 


683680 


97S 


3072-48 


75i!»2i 




934 


2934-25 


685147 


979 


3075-63 


752758 




935 


293739 1 


686615 


9S0 


3078-76 


75439^ 


« 


936 


2940"53 


688084 


98 1 


3081-90 


755837 


937 


2943 ■67 


6^955B 


982 


3085-04 


757378 


93S 


2946-81 


691028 


983 


30B8-19 ' 


75893a 




939 


2949-96 


692502 


984 


3091 '33 


760466 




940 


2953'io 


693978 


9^5 


3094*47 


762013 




941 


3956-24 


695455 


gS6 


3097*61 


763561 




94a 


2959-38 


696934 


9S7 


3T00-75 


765111 




■ L943 

■ 944 


2962-52 


698415 


988 


3103-89 


766662 




2965-66 


699S97 


989 


3107-04 


768215 




■945 


2968-81 


701380 


99° 


3110-18 


769769 


■ 


946 


297*95 


702865 


99^ 


3ii3'33 


771325 


1 


947 


2975-09 


704352 


992 


3116-46 


772882 


1 


948 


2978-23 


70584a 


993 


3119 60 


774441 


■ 


949 


3981 '37 


707330 


994 


3(23-74 


776002 




1 950 


2984*51 


70882a 


995 


31 25 -88 


777564 




95 1 


2987-65 


7ro3»5 


996 1 


312903 


779128 




952 


3990-80 


711810 


997 : 


3i3^''7 


780693 




953 


2993-94 


713306 


998 


3135-3' 


783360 


1 


954 


2^97-08 


714803 


999 


3138-45 


78382S 


1 


955 


30002 3 


716303 


lOQO 


3141*59 


7S539S 


J 






^^^^ 


^^^^^ 




^^ 


1 



q«i 



KUUBEItS A.ND FiGU&ES. 



TRIGONOMETRICAL RULES. 



^H (Tlie followin;*^ itt a snnjtnary of the pr'mciploa and clilef rules of 
^V trigonotnetry. In applying those rules to ordinary !iiechri.nic?il 
qupstiooH, a very briel" table, Btich aa Tabic 6, is sufficient; but for 
purposes of surveying, astronomy, and navigation, it is necessary to 
use tables too voluminous to hn included in such a work as this.) 

I. Triffonometriccd Fmictions Defined, — Suppose that A, B, C 
ataiid for the three angles of a right-angled tnangle, C being tbtf 
right anglpi, and thut a, 6, c stand for the aidea respectively opp<isite 
to those angles, c being the hyiwtbennse ; then the various namL-s 
of trigonometrical fiiactions of the angle A have the following 
meanings :— - 

. d 1 ^ 

sin A =s - : cos A ^ - : 

. c-h . . e-a 

versin A ^ — : co vei'sin A = — — i 

c c * 

tan A — 7 : cotan A = - : 

eec A ^ 7 ; cosec A ^ - , 
o a 

The cmnphmeM of A means the angle B, such tliat A + B = ft 
right angle; and the aine of eacli of those angles ia the cosine of the 
other, and. so of the other functions by pairs. 

II. JieiiUions amongi^t tfte Trigonfymetrictd Fuiidwmt of One 
Angle, A, and of its Supplement, 180° — A; — 

■ A /^i ~¥-r tan A 1 

Ban A = V A — COS*' A ^ r- ^ — ™ 

seo A eosec 

A /T "—^—r cotan A 1 

cos A =s */ 1 — am^ A ^ r- ^ - ~ 

coaec A see 

vermin A = 1 — coa A ; 

coversin A ^; 1 ^ siti A ; 

1 



Bin A 

cos A ~^ cotan A 

cos A 1 

gin A 



tiiu, A 



= sin A ' sec A = >J sec^ A — 1 ; 
^ cos A ■ coaec A = n/ cosec^ A — if\ 
—r= >J l + tAii'^A'f 



sin A 



^ iv^ 1 -f cofcan* A. 
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Bin (180° — A) = sm A; 

cos (180° — A) ;= — cos A; 

verain (180°^ — A) ^ 1 H- oo8 A^2 — versin A; 

coversin (1 60" — A) ;= CMverMii A j 

tan (180^ — A) = — tan A; 

cotan { 1 80" — A) = — cotan A ; 

sec (180" — A) = ~ sec A; 

cosec {ISC'* — A) = cQsec A. 

To compute sinea, <fee., approximately by series; reduce tlie 
flitgle to circular measure— that is, to radius-lengtha and fnietions 
of a radins'length (see Table 5) ; let it be denoted by A, Tb<?n 

i. . . AS A5 A^ 

IIL 



A^ 
BinA = A-^g+^yg^- 



C08 A = 1 ^ 



AS A* 



2.3,4.5.6.7 
A« 



+ <tc 



+ <fec 



2 2.3.4 2.3.4.5.6 
IIL Trigonomeirical Functions of Two Afi-gles: — ■ 

ain (A ^r B) = sin A coa E ;±z cos A sin B ; 
cos (A ^i^ B) = cos A cos B ^z sin A »ia B; 

/ 1 , Tn tan A it; tan B 
tan (A =i= B) = , 1 =^. 

^ ' 1 == tun A tan B 



IT. FormuldB for the Solution of Plane Triangles. — Let A, B, G 
the angles, and a, h, c the sides respectively op|>03ite them, 

J> MelnlJait* HinvngM ihe Anglic* — 

A + B + C = 180°; 
if A and B are given, 

= 180" - A - B. 

% Wkcn The Ait|cl« and Ob« Side nw ylTcv. let a be the glYen^ 

tide; then the other two sides are 

Bin B sin 

^ — -r ; c = a • -^^ — 7-. 

Bin A Sin A 

3r WIten Tw« HIdti* and thfs Inclnitcd Aante nre cirea, let O.^ h 

the given sides, C the given included angle; then 

To find the thiT-d side. First Method; 

e = ^ (a* + i* — 2 a 6 coa C); 



b = 



Sewnd MeUwd: 



Make sin D = 



2 J ah 

« = (a 4> 6) C03 D, 



■coa 



then 




V (g-a)(a^) . 
a b 

^ V (* ~ a) (*-&)' 2 V * (« ' c) ■ 
Bin C = ^ *>/*(^— «)(*-^)(^-^ ). 

WoTE.-— In aU trigrtuometriml problems, it is to be borne in mi 
that small acute angles, and large obtuse angles, are nioat accurat 
determined hy means of their sines^ tangents, and cosecants, 
angles approaching a right angle by their conines, cotangents^ 
aecanlg. 

5, T* 8oire a nia:ht<>ni]{iic4 Trinngir. — T.et C denote the rig 
angle; c the hypothenuse; A and B the two oblique angles; a and 
h the aides respectively opposite them. 

Given, the right angle, another angle B, the hypothenuse e. 

A = 90° — B; a = c • CO& ^ J b = c ' aiu B. 




TRIGONOMETIUCAL BULE3. 

Given ^ the right angle, another angle B, a side a, 

A - 90" - B; 6 = a ' Un B; c = a • sec Bw 
Griireii, the right angle, and the aides a, bj 

o a 



- Ja^ + P. 



tan A = -J : tan n - - ; c - >^' a* + 

Given, the right angle, the hypothenuse c; a side a, 

ain A = cos B = ^ : 6 = <J^~— of. 
c 

Given, the three sides a, b, c, which fulfilling the equation 
e^ = o2 ^. ^^ tjjg triangle is known to he rigkt-angled at C. 

Bin A = - ; sm B = - . 

c c 

6. To £i]irca« Upc Ana «f a. Ptnne Triangle In Tcrm« of itm BMes 
Id AnclfHi 

Given, one side, c, and the angles. 

'^2 ain A sin B 



Area = 



3 * sin C 
Given, two sides, 6, c, and the included angle A. 



Area = 



h c ' sin A 



Given, the three eides a, i, c Let 5 = «; then 

Area = tj ls($ — a)(s — b){s — c)\, 

V, Rules for tfie Solution of Spherical Triangles. — Let A, B, C 
denote the three angles of a spheritjal triangle, and «, (3, y, tha 
angles subtended by it^ sides at the centre of the sphei-e, called for 
i>reTity's eake, the sides. 

The ifphf^ricid excess meann, the excess of the sum of ^e angles 
A + Ji -j- C above two right angles. 

- Spherical excesa area of tnangle 

4 right angles ~~ snrfiice of heuiittiihere' 

3. To conipnta the approximaie spherical excess, m mconda^ of a 

triangle on the earth's auffkce whose area ia given; divide that 

irea by one or other of the following divisora, accordiag as it ia 

ivea in square feet, in square uatiticai miles, or in square metres i—i 

Aru ^veii in DlrlAor. Com. Lof. 

Square feet, 3,115,500,000 9-3254101 

Sfjiiai-e nfjiitical nviles!, 5729573 i'758i226 

Bquaie mettea, „... 196,530,000 S'^q-i^T-vi 



I 
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3. Given, two angles of a spherical triaugle, and tke side betwc 
tliem; to tind the renminiiig sides and angle — 

Let A, B be the given angles, and y the given aide. Then to 
find the lemaiaiiig si das, « and ^ — 

A-B 

. ^ cos 5 

tan — „ — = tan - ■ ; : 

2 3 A + B * 



ton -^ = tan 2 




A + B' 



+ 3 M — fl 



fi 



« + 



at — $ 



To find the remaining angle, C, we have the proportion — 

sin « : sin y9 : sin »• : : san A : sin B : sin 0. 
4. Given, two sides of a apherical triangle; and the angle hctween 
them; to find the i-emaiuing sdde and angle — 
Let *, ^ be the given sides; C, the given angle. 
Jf'irat Method. — To tind the remaining side, y; 

cos y = cos * * COS j3 + sin * ' sin j9 ■ co8 C j 

"but this formula being un suited to calculation by logarithms, fclie 
following has been deduced from it : — 

Make sin D = cos ~ ■ >v /sin « ■ sin jBj then 

and to find the remaining angles, we have the proportion, 
sin Y : sin » : sin j3 : : sin C : siu A ; sin B, 
S&xmd Met^iod. — To find the remaining angles, A^ B. 



tan 



A + B 



tan 



A-B 





« — 


fi 




C 


cos 


3 




cotan 


2 






St. 


+ a 






cos 


" 


2 






cc — 


fi 







sin 


2 




■ cotan 


2 






tt 


+ 






em 


'- 


.-t 
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sr 



A = 



A + E 



A - B _ A + B 



A- B 

2 ' 



5Tie remairimg side, y, is found by the pi"vix>ftioii stated 
above. 

5. The three aides of a spherical triangle being given, to find 
the angles — 

Let C be the angle sousht in the first instance, TIifh 



cos C = 



cos y — Qos 



COR r3 



Gin A ' sin jd 



^OT 



or otherwise — 



Let ff — — - „ -^ denote the half aum of ttie sides ; 
2 ' 

C ^ / mi»-&m(a-y) . g-j^ C ^ / ain(g-«)(siuir-j3) 
2 V sill « ■ sin j3 ' -^ V ain « ■ sin 3 



CO c c 

COB ^^ is best when ^ approaches a right angle; ain ^ when „ iaamall. 

These formulte will serve alike to compute any angle. If it is 
desired to express the angle sciught by A or by B, the following 
cubBtitutions are to be made in the tbrmiilai r — 



For tlie following nymbola in the foriniilffi for C,,. 

Suhstitnte reijpectively in the formuloa for A,., 

— — — — Ibr B,.. 



* y 

y » 
y « ^ 



^V 6. In a right-angled spherical triangle, the right angle and any 

two other ]mrt3 being given, to find the remaining parte — 
^^ Let C be the right angle, and y the side oppisite to it. 

^V Case I, Two sides being given, the tliird ia found by the 
' ctjuation — - 

C03 * ■ C03 ,3 = COS y; 

I and the oblique angles by the equatlons^ — 
I coa A = cotan y • tan /S; coa E ^ cotan y • tan *; 

K by the equations — 
" cotan A = cotan at • &in ^3; cot^n B = eotan j3 ■ sin *, 

Case IL Given, a aide («) and the opposite angle (A). Find 
the side by the formula — 

Bin ^ = tsin « ' cotan A; 
then find y and B as in Case L 



|i*uen 



ss 



Ktmn^m ash fioubbs. 



Case TIT. Given, & side («) and the adjacent angle (B). Find 
tlie aide y hj the ibrmula — 

cotan y = cos A * cotan ^; 
theTi find k and B as in. Case I. 

Case IV. Given, two angles, A, E — 

coa A „ COB B i * , -rt 

C03 « — -. — tt; cos jS = - — T- 1 COB Y — cotan A ■ cotau B. 



sid B' 



sin A 



VL Approximate Sdutwns of SpJterical Trianghs^ u^ed in 
Tngon ojnelrkod Surrei/inff. 

1. Given, in a triangle on the earth's surface the length of one 
side, c, and the adjaa;nt angles, A, B; to find appruximately the 
third angle, C, 

Calculate the approximate area of th« triangle, as if it were 
plane. From that area calculate the "apherical excess," X. Then 

C = 180' + X - A - B. 

2, To find approximately the remaining sidee, Oj h, of the same 
triangle. Let «t, ^, y be the anglea subtended by the sides. 

Fram esvch of the angles subtract one- third of the spherical 
excess, and then treat the triangle as if it were plane. That is ta 
say— 



» = e 






I 



Peobiem Third. — Given, in a triangle on the earth's srtirfcoii 
two sides, «, b, and the included angle, C, to find the remaiuing 
side, c, and angles, A, B. 

Compute the approadmale a?*** aa if the triangle were plane; 
thence comp^ite the spherical excess, X, and dtiduet one-third of it 
from the given tingle. Then couaider the triangle as, a plaofi 
triangle, in which are given the two sides a, 6, and the included 

X 

angle G'= — ^, atid find the third side, c, and the remaimtig 

angles, A', B*. Then for the remaining angles of the real spherical 
triangle, take 

A = A'+ ~; B-B'+ |. 
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6. — Arcs, Sines, and Tangents, fob etesy Deohek 

FfiOM r TO 8y° 



Explanation, 

I. The table gives area and their complements in circular 
measure, aiiiea and cosines, tangents* and cotangents, for every 
whole degree, correct to five places of decimala. 

3. ArcA containing fractions of a degj'ee may be found either 
by the aid of Table 4, Divisions I and L, or by ronltiplying the 
fractional part by 0-01743, and adding the product to the arc 
corresponding to the whole number of degreea 

0. For fiiEiding the sines, (kc, of angles containitug fmctlona of a 
degree, the following process ia correct to the following numberu of 
places of decimals :^ 

For sines and tangents of angles between C^ and 6°, ) rp a 

■For cosinea and cotangents of angles between Si"* V , 
and90^ ) P"**^' 

For sines of angles between 6" and 90", 1 

For cosinea of angles between C^ and 84°^^ , .,..., I To four 

For tangents of angles between 0' and 30° j places; 

For cotangents, of angles between 45° and 60% J 

For tangents of angles between 30^ and 46', I To three 

For cotangents of angles between 45° and 90%,....... J placea. 

Multiply the fraction of a degree by the difference between the 
valuea of the quantity to be found for the next lower and next 
higher whole numbers of degrees, and add the product to the value 
for the next lower whole number of degrees. 
Example.— Required the sine of 30° 20' = 30" ^. 



Sine of 30% '50000 

Sine of 31% 51504 

Difference, ,,.,,,.,. 



h Difference,....,..,.. '01504 

-00501 
Add sine of 30%....... ■ ■50000 

Sin SO^'I, correct to four places of decimala, -50501 
4. The fiiKS or cosine of an angle containing a fraction of a degree 
may be found correct to five places of decimak, when required, as 
follows :— Find a fii-st approximation to the sine or cosine by the 
preceding rule. Then multiply together the given fraction of a 
degree, tho difference between that fraction and unity, the fraction 
"000 15j and the approximate sine or coaln^ aireaLd^ feiuTi^', ^iil» 
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product will be a correctioa, to be added to the approximate sint 
or cosine for a more exact value. 

Example. — Required the sine of 30°|, correct to five places ol 
decimals. 

First approximation, as already found, '50501 

Correction to be added, i x | x -00015 x -50501 = -000017 

Sum -505127 
80 that the sine required, to five places of decimals, is '50503. 

COBBBCfnOK-FACTOES, TO MULTIPLY APPROXIMATE SdJBS A»D 

COSIKE& 



Uinntn. 


Faetora. 


MinotBaL 


5 


I -0000 II 


55 


xo 


I -00002 1 


50 


15 


1*000028 


45 


20 


1-000033 


40 


25 


1-000036 


35 


30 


1-000037 


30 



Kn.ES FOK THE HEKSUEATIOK OF FIGITBEa 



Section L — Pla^s Axka& 



Panin«i«sraBi. HtTLE A. — Multiply the ietigth of oq« of 
hj the |>erpeiidicular dbtaiK^ betweett tlus M^i aad 

Bide. 
ULB £.-^Multiplj togetber tlie longi^s of tiro mljmta^ m 
vai the doe of tlie angle wlucii tbey makt* witk aiffc all 
^Whentlie ptii-allelogiTtni is right-angled, that ain* b = I.) 
i Tnipczoid (or fouT'Siided (igure bounded by > J>4Ar d 
stnught lines, and a ]mr of stnught liutss not finfci) 
half sum of the two parallel sides bjr tlie jii iptirfcMii 
(ieu thera, 

THanuic. KuLE A. — Maltiplj the leii^h of bdt oo« «^ 
l^ oner hall' of its peqieadiculur digtAPce fina tbc «f^ 
le, 

VIE K — Hnltiply OD^-half of the prodnfk cf my few «£ 
by the sine of the angle betweeo them. 
BoiE C— Multiply together the foIJowia§ 
Glim of the three sides, and the three 

ug each of the three mdB& firoiu ti^t imlimmi «i 
piti root of the quotieDt ; that root will he tkmtmmwm^ 
NoTB. — Any poli/gon may be mea^-nred by draiifay it 
^gleii, mea-suriiig those triangles, and atUi^g thar ammm t 

i l>)imb»1ic Ftsam vf the 'Tklirf » >1 i fc T WpMiii^ 

^ vliicb the following rules aprply mm of tiM 



iigs, 1 aud 2.) One boundaiy ia 

^or am; two other kmndariei are 

•^tlier points in that line, or slni%lit 

liiSfs at right angles to it, mtA m 

A B and X C, called ordhtata; mA 

fourth boundary is a eorf«i, B C^ [ 

the parnbolic clwm, and ai the ClEftrf 

degree; that i^ a ctirfe ■Iiml ard^gtlt 

(or perpendiculur distaaee finB Ik* ^^ 

expressed by what b called 

(%re« of the ahsdm^ (or ^ilaMie «f 

point in thebiLi^*). In ilfli iri'a JfniiiL i 

quantity conai%t3 oC ierHi er^ .■ »- -- .* i~.> •.. 



AI, 



ViMT^P*^ 



•€ «i( 
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rvTJLES FOE THE MEKSURATION OF FiaUREa 



Section I. — Plane Aheas. 



1. paraticiaffrani. HtiLE A. — Multiply the length of one of the 
ides by the perpendicular distance between tlijit side and thtt 
ipposite side. 

Rule B.- — Mtiltiply together the lengtha of two adjacent aulia* 
and the sine of tbe angle wliich they make with each other. 
(When the ptira.llelograin is right-angled, that sine is — 1,) 

2. Trapezoid (ot four-ijided figure bounded by a pair ot' parallel 
sti-aight liufjs, und a pair of stmight lines not parallel). SluUiply 
the half 8um of tho two parallel sides by the perpendicular dist^uee 
between them. 

3. Trian|fic% RuLE A. — ^Multiply the length of any on© of the 
dd?3 by one-half of ita pei'pendicular distance from the ojipoaite 
angle, 

RcLG B. — ^Multiply one- half of the product of any two of the 
Bides by the sinfe of the angle between them. 

RcLE C — ^MultipIy together the ft/llowing four quaatitiea: tho 
half sum of the three »idea, and the three remainders left after 
fiubtracting each of the three sidea from tlmt half sum; extract the 
square rout of the quotient; that root will be the area requii^ed. 

Note. — Anp polyyon may be measured by dividing it into tri- 
angles, measuring those triangles, and adding their areas together. 

4. Parabolic l^i^uro aT Ibe Tliird Decree.— The parubolic HgureH 

to which the following rule^i apply are of the following kind(Hee 
figs, 1 and 2.) One boimdary m a straigfit line, A X, called the 
bags or axis; two other boundaries are 
either points iu that line, or straight X 

es at right angle-s to it, such as 

B and X C, called ordhvttes; and 
the fouttb bottodaiy is a curve, B C, 
of the parabolic clans, and of the third 
degrm; that is, a curve whose ordianU 
{or perpendicular distance from the base A X) at any point is 
ezpre»sed by what L* called an a^g(hrai/:ai fjinction t>f the tliird 
d^r^ of t!ie abucissa {or distance of that ordinate ftttva a fixed 
point iu the base). An algebi-aicid function of the third degree of a, 
quantity csoDjfista of terms not exceeding fom* in number, of which, , 



< 



L eit 



Figi. 



Fig. 2, 
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one may be constant, and the rest mnat be firoportional to po 
of that quantity not higher than, the on be. - 

Rule A, — Divide tlie base, as ia tig. "^^ into two eqi\a\ parta 
or iiitiirviiLla ; tneusure the eiitltnost nrdinates, A B niid X C, and 
the luiddle onUnate (which is dotted in the figure) at the point of 
division; add together the endmast ordinatea and yojtr times the 
middle ordiuate, and divide the ijuin by mx: the quotient will be 
the TiieaH bretuhh of the figure, which, being miiitiplied by thu 
length of the liiase, A X, will give the area. 

Rule B. — Divide the Imse, as in fig, 2, into three pqnal intervals; 
measure the endmost ordinatea, A B and X C, and the two inter- 
mediate otdinatea (whieh are dotted) at the points of diviaion; add 
together the etulmost nrdioates and three times each of the inter- 
medjiite ordiiiatesj divide the sum hy eight; the quotient will be 
tlie itwan breadth of the fi^^ure, which, being multiplied by the 
length of the base, A X, wilt give the area. 

Ia applying either of those ruleji to figures whose curved 
boundaries meet tlie base at one or botli endii, the oi'dinate at eacfc 
such point of meeting ih to be made = Oi 

5. Anjr flauc ;irrA. — Draw an axis or basc-Kne, AX, in a con- 
venient position. The moat convenient position is 
nstially parallel to the greatest length of the area to 
be measured- Divide the length of the figure into n 
coDvenient number of eqiuil intervals, and measure 
breadths in a direction perpendicnhir to the axis at 
the two ends of that length, and at the ]>oiQta of 
division, wliich breadths will, of course, be one mfi\v 
in number than the intervals. (For example, in tig". 
3, the length of the figure is divided into ten equal 
inteiTals, and eleven breadths ai-e measured at 6q, b^, 
&c.) Then the following rules are exact, if the sid^ 
of the figure iire bounded by straight lines, aud bv 
parabolic curvoa not exceeding the third degree, and 
art! appraximate for boundaries of any other ligurea 
RuLK A. {*'Simpso7is Firjit Ride" to be iiW 
when the number of intervals is even.)— Add togetkr 
the two endmost bi'eadtha, tvoice e^v^ry second interniedJafce breadtlv 
and ^oitr times each of the remaining intermediato breadths; nnil- 
tiply the sum by the common interval between the breadths, aad 
divide by 3j the I'esiult will be the area required. 

For two iutervala the nniltiplieid for the bi-cadths are 1, 4»1 
(as in Ride A of the preceding Article); for fitur iutt'i'Viils. 
1, 4, 2, 4, 1 ; for eix intervals, Ij 4, 3, 4, 2, 4, 1; and so od, Thea' 
are called "Simpson's Multipliei's," 

Example. — Length, 120 leetj divided into sijt intervals of 
ieet mch. 




Fig. 3. 




r»)aired, IZOB-^ square feet 

■Rtjlb B. (**Simpsmiii Second /lui^" to he used when tlie 
number of intervals is a multiple of 3,) — Add together the two 
endmost breadths, ticke every third intermediate breadth, and 
thrice each of the remjiining iotei'mediate breadths; tnultiplj the 
sam by the common inter\'iii bet'Teen the breadtha^ a ad by 3; 
divide the product by 8; the result will be the area required. 

"SLmpsou'a multipliers" in this case are, for three intervak, 
1, 3, 3, 1; for six iutervula, 1, 3, 3, 2, S, 3, 1^ for niae intervals, 
1, 3, 3, 2, 3, 3, 2, 3j 3, 1 ; and so on. 

EsAiiP-LE. — Length, 120 li*et, divided into six intervals of 20 
feet each. 

Breadths In Feet Stmpson'a i»_^,.,j_ 

andDeclniali MaliipUara. iToanMa 

17-28. 1............ 17-28 

1640 .........3 4D20 

UOS .......3 ..,.Ai'2i 

10-80.. 2.... 21 00 

7-04.. 3 21-13 

3-28...., ....3 84 

...1...... OOP 

Sum, Ul'2d 

X Common interval, 20 feet. 

3225^6 

X 3 

-4-8 )9676-8 

Area required, 1209-6 square feet. 

Eewarks.— The preceding examples are taken fi'om a parabolic 
fi"nire of the third degree, for wiiicii both Simpson's Rides are 
exact ; and the results of using them agree together precisely, IAt 
other figures, for which the rules are approximate only, the firht 



66 



■BmMBBBS AJiS FIGDBBl 



ud, ann^ 



nile h in genem! somewhat more accnrate than the second. 
therefore to be used unless there is some special reiisou tor pi^ 
fferriug the second. 

The probable extent of error in applying Simpson's First Enk 
to A given tignre is, in most cases, nearly proportional to the fourth 
powei- of the length of an interral. 

The errors are greatest where the bouniliiriea of the figure are 
most curved, and where they are nearly perficndicniar to the axia 
In «itich positions of a figure the errors may be dimibished by sub- 
dividing the axis itito smaller intervals. 

Rule C. (" Merrijidd's Traj>ezoidal Rule" for <silcuUting sepa- 
rately the areas of the parts into which a figure is sulidivided by 
its equidistant ordinates or breadths.) — Write down the breadtia 
in their order. Then take the df^erenceii of the auccessire hreadtha, 
distiDguishing them into |w>sitive aud negntive according aa the 
breadths are increasing or dinjinishing, and write them oppofiite 
the intervals between the breadths- Then take the differences 
of those differences, or second di^erences, and write them opposite 
the intervals between the ^vst diSereueeB, dLHtiDguiahing them into 
positive aud negative according to the following priuciplea : — 



Firgt nifferenoaa 



Second DUToronce. 



k 



positive increasing, or > t» -f ^^ 

Negative Qiminishing, J 

Negative increasing, or 1 IST f 

Pofliti ve dimiuiuhing, J " ' " " 

In the column of second differences there will now be two blants 
opposite the two endmost breadths; those blanks are to be filled up 
with numbers ejich forming an arithmetical pragression with the 
two adjoining second differences, if these are nu equal, or equal to 
them, ii* they are equal. 

Divide each second difference by 12; this gives a correctimt 
■which is to be mbtifctcted from tlio breadth opposite it if tlie second 
difference is positive^ and added to that breadth if the sec()B<l 
difference is negative. 

Then to find the area of the division of the figure contained 
between a given pair of ordinate^ or breadths; mtdtijAy Uis kdj 
eum qfUie corr&cted breadt/ia by the interval betvxen tJima. 

The ai*ea of the whole figure may be formed either by addiDl 
together the areas of all its divisioua, or by adding together the 
halvea of the end moat corrected bi^eadthg, aud the whole of tbfl 
intermediate breadths, and multiplying the sum by the comtaon 
Interval 

ExAMPLK— Lengthi 120 feet, divided into six intervals of 20 
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Feetasd 



Tint 



1738 
[1G40 

C4-08 
1 1080 

3*28 



— 0'88 

— 2-33 

— 328 

— 3 76 

— 376 

— 328 






(— 1-93) 

— 1*44 

— 0*96 

— 048 

o 

+ 048 



(+ o'g6) 



+ o'i6 

+ 0-13 

+ o-o8 

+ 0-04 

o 

— 004 

— o'o8 



6T 

C0T»<St«d ARtU of 
17-44 ) 

\ 339-6 
16-52 

> 306 -8 
1416 ' 

} 250-0 
10-84 

V i7S"8 
7-04 

> I02'3 



324 

— 008 



Total Eirea, square feet, J2og'6 



The second differences enclosed in parentheses &t the toj> and 
tottom of the column are those filled in by raafcing them forro an 
anthmetical progression with the second difiewucea adjoining them. 
The last corrected breadth in tlie present example is negative, 
and is thci-efore subtracted instead of atlded in the en suing com- 
putation. 

Rule D, — ("Coninwri Trapezoidal Rtde" to be used when a 
rough approximation is sufficient,) Add together the halves of the 
eodmost bi-eadths, and the whole of the iuteitQediate breadtbSj and 
multiply the sum by the common interval. 

Example. — The same as before. 



I 



H= ^1f breadth at one end, 17*28 -^ 3 = 
Intermediate breadths, 

Half breadth at the other end, . 

X Common interval, 
Aftproxtmate area, .... 
True area as before computed, . 



6-64 
16-40 
14-08 

10-80 

7-04 

3-28 

_0_ 

60-24 

30 



. 1 204-8 square feet^ 
. 120&-G 
Error J — 4 '8 square feet 

6. Circle. — The area of a circle is equal to its circumferem 
lultiplied by one-foui*th of its diameter, and therefore to the sqr ~ 
of the diameter multiplied by one-fourth of the ratio of the cIl-' 
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ErtatB in Fm<itioti9 of tbt, 
Cimle, ubout 



ference to the diameter. The ratio of the area of a cirde to th« 

square of its diameter (which ratio is denoted by the sjmbol j) 

la ineommetisurable; that is, not expressible exactly in figures; but 
it can be found approve imaitely, to any required degree of precisioiL 
Its value has bet^ti computed to 260 places of decituals; but the 
fo]lowi[ig approximations ai'Q close enough for most purpuies, 
Bcientific or practisil : — 

ApproxiiDkte Vkliies fit ,' 

•7853981634 - + oiie-300,000,000,000th, 

-785398 + -one-5,000,00yth. 

■74*54 +otie-400,0{)0tk 

-^%-- - 4-one-13,000,000th. 

4 it 113 

U _ 

14 " •'" 

Tables 4 aud 5 contain examples of the rcHiilts of such calculatioBS, 

The dutrnt^ter of a circle equal in area to a given square ia vtrj 

nearly I'IjJHSS x the side of the Bquare. Tlie Ibllo wing tahle give* 

examples of thia:- — 

Table 4 isf. — Multipliers po& CoirtrEHriNo 



..+one-2,500th. 



I 

2 

3 
4 
5 

6 

1 
3 

9 

10 



BidoB of Bqnaupa into 
IMiunetBTB of 

I ■12838 

2^5676 

3 '385 14 

4'5i352 

5-64190 

677028 

7-89866 

9'027o4 
10-15542 
n -28380 



DLiimeun of <jinil«« 

Into Siilfti of 

Equal Sqiuna. 

0-88623 

1*77245 

3-65868 

3'54491 
4'43i'3 
5*3173(5 
6-20359 
7-08981 
7-97604 
S-86227 



t 
a 
3 
4 

3 
6 

1 
8 

9 

10 



7. The area of a circntar sector (0 A C B, fig. 4) is the same 
fraction of the -ft-Uole circle that tha 
angle A O B of the sector ia of a, whole 
revuliitioa. In other words, multiply 
half' tfie square oftlie radius, or one-dgh^ 
of the square of the dianieterj hj tbe 
circular measure (to radius unity) of the 
angle A B; the product will he tie 




Fig. 4. 

area of the sector, 
' ^d 6.) 



(For cirenlar measures of angles, see Tables 



A. Chrcvhir Aegnii<Ht (A D B G, fig. 4) IS eqnal to tbe sector 
A C B lens the trinngle A B. Heocc, from the circidar 
measure of the angle A O B aubtract its sine; multiply tlie re- 



mail 



nder by half the square of the mdiua; the product will be the 
circular SpandriiB. Oass L — Spandnl AGE, bounded by 



of the segment. 



the arc A C, the tangent C K, and the external secant A E. From 
the tangent of the angle A C subti-act the circular measure of 
tlmt angle; multiply the remainder by half the square of the 
radius; the product will be the area. 

Case II. — Spandril A C F, bounded by the arc A C, the tangent 
C F, and the straight line A F perpendicular to C F. From twice 
the sine of the angle A O C subtract the circular measure of that 
angle, and half the sine of double the angle ; roidtiply the remainder 
hy half the squai-e of the radius*; the [iroduct will l>e the areti. 

10. E:iii|»^i«. Case I. — Given (in fig. 5), the two aiE*'.«- A O rt^ 
B O b. Multiply the lengths of those axes together, and their prj- 

duct by 7" (See A rtiele 6 of thia Bection.) 

Case II. — Given, a pair of conjugate 
diametei-s, C O c, D O d (that in, a, 
pair of diameters each of which is par- 
allel to the tangents at the enda of the 
other). From ono end of one of tlioae 
cUameteia (aa D) let fall D E perpen- 
dicular to the other diameter, C e; multiply Cc by twice I> E, 

and the product by - j or otherwise— iniJtipIy together the given 

conjugate djameterij, and their product by the sine of the angle 




Fig. 5. 



it ween theui, and by ■;, 
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1 1. BlUpitc ilccHir* and l»«'Kin«iiti».— In fig. &, let O A, B, bfl 
the greater and leaser aemi-axes of an elli[iae, 
A C D B a quadrant of that ellipse, C D an 
elJiptic sectfir, aud C D an elliptic eegmcnt 
About O with the radius O A describe the 
circular quadmnfc Actifr; through C aud D 
iw Cc and D d parallel to B, cutting the 
le in c and d. Join OCfOd,ed. Then 




Fig. 7. 
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1 2. ^TpviitmHe Sccivr.— In 6g 7, let the straight Hues O X, O T, 
be tbe o^tftn^Uttfn of a hyperbola; A and B two points in that 

hyperbola, and O A B a hi/perbolus 
sector, "whose area ia required. A 
characteristic property of the hy- 
perbola is the following: that if 
from atiy poLut in it, such as A or 
B, there be dmwu atraight lines 
parallel to the asyniptoteSj, so as 
to enclose a parallelogram, such as 
O C A E or O r* B F, the arms of 
all Buch parallelograms shall bo 
equal for a given hyperbola. Let 
the common area of them all for the 
giveu hyperhola be called the modulus; then the area of the sector 
A O B is equal to the moduiua multiplied by the hyperbolic log- 

A P "R 1? 

arithm of the ratio g-g = -j-g* (^or hyperbolic logarithms, eee 

Tables 3 and 3 a.) The areas A C D B and A E F B are each of 
them equal to the sector A O B, 

13. llitrmaiiic cnrre (see fig. 8). Case I. Smgh Harnumk 
Ctij ■!)«.— Let A B be the hose and O G the height of a harmonic 

curve, being the 
middle of the base. 
The ordioate X Y, at 
any pointj X, in the 
b^e, ia equal to 
C multiplied by the 
cosine of an 





bearing the same proportion to two right-angles that O X bears to 
A R Then the area A C B Ib eqnal to A B >t C 



3 

^ The 



approximate value of -, correcttoahoutone-2,000,OOOth, is *63CCi 

Cabe II. Double Harmonic Curve, or Curve of Versed Sines.^ 
Ijet the hannonic curve be continued to D and E as fju- l>elow AB 
as C is above that line; the area A D and B E being similar to 
A C and B C, but inverted; so that the now base D E is twice tbe 
length of A B, and is a tangent to the curve at D and E; and tho 
new height E G is twice O C. Then the area D V^ = DE* 

TO. I. 

14. Trvchoifi, ar R«iiiii|| iraT»>iiHFi (see fig. 9). — Let a circular 
disCj H, roll along a etraight line, E F; then a ti-RcLng point &xei 
Vn *t^t rolling disc traces, a troch&id, of which A C B it; one wav*^ 




m^ 
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ending from one of the lowest positions of the tracing-point to 
the next. Let the tsise of the figure to be meagui'ed be the straight 
line, A B, touching the 

trochoid ftt A and B; / c 

then the length of tliat 
base is equal to th^ 
circa mferenee of the 
rolling circle, H; and 
tbe extreme breadth of 
the figure, C D, is twice the trudnff radius, or distance of the 
traciog-point frora, the centre of the rolling circle. 

To titid the ^r«^, A C Bj mnltiply the bgee, A B, by the tracing 
radius, ^ G D, and to the product add the area of the circle 
describf.d on C D as a diameter, 

15. Caie]ut7, or Chain-Gurve. — See Section IV., further on. 

Seotion II. — Cylindrical, Cokical, avb Spherical Areas. 

1. Criinticr. — The curved surface of a cjlinder is measured by 
multiplying its circumfewsnce by its length. 

2. c«af;. — The curved surface of a right cone is greater than 
the area of itB circular base, in the same projwrtion in which the 
danting side of the cone is longer than the radius of its \mse, 

3. dpb4>r«. — The surface of a. sphere is equal to the curved isurfaoe 
of the circumscribed cylinder— that is, to the diameter of the s^jiheiie 
multiplied by its circumference, or to four times the area of u. great 
orole of the sphere, 

4. BphcHcAl KoiieB Mud 9«8iH«HU, — The area of a zone or belt, 
or of a segment of a, sphere, ia equal to that of a zone of equal 
height on the curved surface of the oircuiuHcrihed cylinder. In 
other vords, multiply the height of the zone or segment by the 
circiiToference of a great circle of the sphere. 

Thus, in fig. 10, B A C is a hemisphere ; B D E C, a circum- 
scribed cylinder ; O A, the axis of 
that cylinder ; E K, a plane per- 
pendicular to that axLsi, cutting 
it in H, and cutting the sphere 
in the small circle I J. Then 
I A J is a segment of tbe sphere ; 
and its area ia equal to that of 
the cylindrical belt F D E K, or 
to the circumference of the sphere 
K A H ^ and B I J C is a zone 
or belt of the sphere, whoife &iv& 
19 eqtial to that of tbe cylindrical belt B F K C, or to the cii> 
cumlerence of the sphere x H O, 



1 
4 




I 



Fig. 10. 
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: is to the vpbenal eseeas (see Tngonometricftl Bales, 

: K> is fcbe smr&ee of tbe bemuphere 
; to tine BRft of tbe tznoj^ 

Meamre ibe aectuuiAl area of the prism or cjlinder ii]>oa a pkne 
peipendicuJar to its axis; tuultipl j^ thai vae» by the length; tUe 
pradnct will be the Toluni& 

Rule B. — ^Moltiply the area of either end by the perpendicular 
distance between the planes of the ends. 

2. Bec<aa««tar Wrimm, with Ptiwcr BiNbi imi Panlt*-!.— Measure 
the sectioDal area on a. plane perpeudicntar to the axis ; multiply it 
by the half-satn of the lengths measured along a pair of oppodte 
edges. 

3. THaHSatar Prtan, with PIsm! Sad* ■«• Parallel., — ^l^Ic^LSTTFR 
the B^tional area on a plane at right angles to the axis; multiply 
by the ttiird part of the sum of the lengths of the three edges; 

4. Rvctaacalar PriMH wtth C arrcrf Karii (" WooUei/g Jiule^y — Add 

together the lengthB along the middles of the four faces of the 
pi-ism, and twice the length along the axis, and divide the aura by 
nix, for the mean length; multiply the mean length by the 
tional area measured on a plutie perpendicular to the axis. 

Tbia rule is exact when the ends of the prism are curved anrfaces^ 
of a degree not exceeding the thit^, and approximate for other 
curved surfaces. 

5. Anr 9*iM. Method I. By Ltk^fm-9. — ^Chooseartraightaxisin 
any convenient position. (The most convenient is nsnaily parallel 
to the gi'eatest length of the solid,) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equfil 
intervals J and measure the sectiontd area of the solid upon a serifs 
of planes croRsing the axia at right angles at the two ends and at 
the f>ointfl of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Rule A, B, or C, of 
Section I., Article 5; and the result of the calculation ■will be thfl 
volume required. If Knle C is used, the vohirae will be obtained 
in separate layei^ 

This method is exact when the sectional area ie an algebraical 
function of the distance along the axis of a degree not higher thftn 
the third. Some of the figures which fulfil that condition are 
specified further on. For other figures the method is approximata 






fsiSOD H. By Prumte or CoLeamu ''-Vt vtiUf.u ■ l^vJ' 
lane in a conveniem puRtmi. m- «^ uh*- *tt'.t%*-- ;:: 
^qua] rectan^nilar divituuii . au' •:'jii>»-i » -- u.- *-..- - 
?t of rectangular priBiiiaii' •.■omum i.t..i\ ..^, 
isions for tbeir aectioiia: anm JV>*»i>'<ti- -■.. 
d at the oeTitrv and at tii«- titiuitu' "■ vv.-... •/ w<- ««-ji^ 
se rectangular coimuu"- cuiTuiai' u*- >->:->:^. ■ 
the role uf becucm HL. ^ri.iOi- hjj ■ i«<. -.^ . 
aine& 

)r otherwiBe. tt' caicuiav' tn- \rj:>jiii- ' :.„ 
ration — add tugctiier tu* utmoH; *■ ^ li.- . ..-.' . 
itaoned, 'vrliicL arc u. tu* ii:(^-i>» '.- \u- n-,.. « .. 
Jcnessefs "wliicL are ai II- iKmnufT-- 'i'..^- .„■ .- . 
Itiply by the area of oiH r'^:i*uy^uiv ■ 'ir.ir.-y • ... 
\. Caac «r PymayA.— 31iut.i|>i' Ij<- ai*:-. « :.^ -mi^ 
the heigfat, mtsainirec ii>Tt<^ij)ji-:u:<>>; l .l. , 
e. 

metnil Bectioxi (i'uuuc IT' brtr'-iu: .-<*.<'^- i.^ . 
tion L, Artick- 1'.'. iu* w *-.'.;»*»' .* b»^t..'v. «. 
iBnred perpeudicuiarn' 1/ tu* umu-. « Lu<. 
iuLE £. — Multipn iAja;«tii*f' lu' Xi>i« «. 
e the cdbe of tLt: duuueMrr u' « a[iun%- ^ 






kJO*. 



org. 

0'52S55**rrTi>0 — .-oij--ii'» .<^>> .<yj .'j-j »V' 

OT'l'SDyt- - ./i.. -:!.y.J ..(.y .'. 

0'5iI»C— ^fu.-t-j .-j-j i\. 
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u 

••». — Tilt fi>In»»-iiijL' ra»»: 1' ttpi^'iiuiiw- t. 
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L wcauon cm uf in' out pjaii^ . O' t, j&v^ut cu: oir. u^ t. j/i'.. 
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And generally, to any solid bounded endwipje by & pair of pan 
planes, and sideways by & uomcaJ^ Bjjkerical, or ellipsoidal surface, 
by any u umber of piauea. 



»K 



AA. 




Fig. 11, 



T'ig, 18. 
To the areas of the ends add ftmr times the area nf ft 
Boction Baade by a plane midway between and parallel to 

,., ^ ends; divide the sum by sie for the mean 

\^ seetinn^ which, mtiltiply by the length A X 
measured perpendicular to the planes of ' 
ends. 

9. HplieFlcAl C«ne (0 I A J, €g. 10) ^ 

Find by Section IL, Article 4, the area of tluT 
segnient I A J, which ia the base of the 
conej mtiltiply that area by one- third of thi 
radius of the sphere. 



fX 



to 



Fi& 13. 



Section IY. — LENdiHg of Curves. 



The meflsurement of the lengths of curves is called rectificat 

1, Abt Canre. RULB A. B^ Clwrds. — Let A B (fig. li) 

tha curved line whose length is tu be measured. Divide it in' 

any even number of intervals, 
2 ^.,..- ^'-'-'-^\ equal or unequal, by points (such 

"y..-— — "::;<^'***^^r^^^='='=^ \ as 1, 2, 3), measure the seiiea of 

straight chords {such as A 1, 1 3, 
2 S, 3 B), which spaa those -ij 
tervals, and take tbe sum] 
their lengths; measure alfl" 
Fig. 14. straight chords {such as A 

which span the intervjda' 
nd take the sum of their lengths; to the first sum add c 
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of the diffeTenoe between it and the second sum; the result will 
the appruximate length of the curve. 

EiTLE R Bt/ Cltords and Tangenis. — Divide the curve int 
uif number of intervals, equal or unequal, by points (such a^ 2 ia 
fig. 14). At the enda and points of division draw straight tangenta 
(such a^ A Tj, Tj T^, Tg B), stopping at their iirst intersections with 
Mcb other, Meii^nre the tot^ length of those tan gen lis, and almi 
tiie total length of the straight chords {unch as A 2, 2 6). To the 
total length of the tangents add iwim the total length of the chords, 
and divide the sum by 3 ; the quotient will be the approximate 
length required, 

KuLE C. By Tangents. — Let A B (fig. 15) be the curved line 
to be measured. Through ita two ends, A and B, draw a pair of 

! parallel lines in any convenient dii'ectioii (but the more nearly thnt 
direction ia perpendicular to 
a straight line from A to B 
the more acciiitite will the 

T«sult be). Divide the dia- 

tanee between those parallel 

Hnes into an ei^en number of 

fqttal intervals, by means of 

intermediate parallel lines, 

cutting the cur\'e in inter- 

jnedinte points, such as 1, 
3. At each of these in- 
termediate points, and also 

at the ends of the curve, 

draw straight tangents ex- 
tending the whole way from 

one of the outer parallel 

lines to the other (as A T(,t 

Multiply the lengths of 

thoae tangents in their order 

by "Simpson's Multipliers" 

(as in Section I., Ai-ticle S, Rule A); add together the products, 

and divide their sum by the sum of the multipliers; the quotient 

■will be the approximate length required, 

Rejuahk. — The errors of the three preceding rules vary nearly as 
the fourth power of the angidar iniervcU, or angle mad© by the 
tangents at the two ends of an interval; hence the l^igtJis of the 
intervals should be made least where the curvature is moat rapid, so 
that the angular intervals may be nearly equal. . The ftdlowing are 
the proportionate errors in applying the rnles to circular areas 
with angular intervals of 30°; + meaning too great, 
small: — 




^ 
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Eiilo At EiTor about — one-6,S00th. 

„ B, „ + oue^,C)Oath. 

„ C, „ + one-250tfcu 

With hftlf tlie flngtUar iDterval, tbe errors are reduced id each case 
to pne-sixieenth. 

B-ULE D, Fi/r Arcs of Small Cttraat-ure. — In fig, 16, let A B be 
the arc to be ineasui-ed Draw a 
tangent, A C I>, and tbe cbord A B; 
■, frcnii B draw B C perpendicular to tlie 
\ taiigent, and B D jierpendictdar to tll9 

.^..\ ^2 

Fig. 16, chord J ttenAC + ftCI) is approxi- 

lofltdy equal to tbe lengtb of tbe arc. 

For a circular arc of 30" tbe error of this rule is abriut + one* 
IfGOOtb; and it va lies nearly as tbe fourth power of tbe angukr 
interval 

Rule E, Froin a given. Point, to s^ off a rjiven BisHnce almg 
a Curved Line. — Take any couvenieut aliquot part of the given 
distance in the compaasfis, and make them step along tbe curve, 
from tbe given point, to find n.Jkst approximatioa to tho other cad 
of tbe given distance. Then take half that fldiquot part in tbe 
compaEses, and make them step along the curve to find a mimid 
appro ximatiou. Those two approximate points will both be too 
fa.r olf. Take one- third of tbe dif^tauce between them, and set it 
[jff hackioarch from the second approximate point for the final 
approximation. The errora are tbe name with tboae of Bale A 
HuLE F, To reduce a "Jiolled Curve" to an equal Ciradnr 

Are, — Let I> E be a bAS& 

^ line of any figure, \ipaa 

■R^,^ \ ^ which a diRc of any figure 

Jh^'"^-- \ rolls; a point, B, in tliat 

— — ^ - 1*^ ) disc traces a "rolled 

curve," F B H, Tbe 

rolling radius at any 

iuatant is tbe distance) 

B A, from the tracing- 

^'^' ^*' point, B, to tbe point of 

contact, A, of tbe disc and base line, and is everywhere perpen- 

dictilar to the rolled curve. 

Divide tbe whole angle through which the disc turns in deBcribicg 

the given curve by rolling, into an even number of angular inter- 

vdlfl, corresponding to an. odd number of intermediate positions 

of the diec; measure tbe rolling radii correaponding to tboae 

j'nterMiedmte pOKitionSj and to the endmoat positions. Multip^ 

=f series of rolling radii by tlae muUl^lvet^ in Simpson's first ruis 
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(Section L, Article 5, Rule A); add together the products; divide 
theii' fium by the sum of the inultipliei-s; the qnotieut -will be the 
ttieari rolliticf radius. Theo with the mean rolling radius describe 
a circular arc auhtending an angle equal to the total atugle through 
which the disc tuiiis in rolling; that arc will be nearly equtii ia 
length to the given roljed ciivve. 

In stances of the application of this to particular cases will be 
given in Article 3 of this Section, Rule C, and in Ai-ticlcs 4 and 5. 

2. CJirele. — The incommensurable ratio of the circumference of u 
circle to its diameter ia denoted by sr. The following are approxi- 
mations to its value, of various degrees of accmucy :— 

Approiimnte Value of r. Error, sboiit 

3-1415926536 -^ + one-300,000,000,000th. 

3-141593- +one-9,000,00Uth. 

3-1416 -.„. +one-400,000tL 

355 

YTg- + one- 13,000,000th, 

377 

Y^-.. +one-40,000tL 

360 

W*-a ■*- - • -one-ia.OOOtk 

23 

-^ -^ ■-.--.. ........,,,. ,..>., + one-2,500th. 

For the approximate value of w to 250 pkoea of decimaLa, see 
Bierens de Haan on DeJinUe Integ^rah. 

For particnlar results, see Table 5. 

3. A Circniar Arc may be measured by any of the general rules 
iu Article 1 of thia Section; also by the following special rules: — 
EuLE A. By CfdailaiioTi. — Multiply »■ by the ratio which the arc 
beara to a whole cii-cle. 

Rule B, By Coitsb-ucHon. — In fig. IS let C bo tie centre of 
the circle, and AB the arc to be 
measured Draw the tangent A ^., „ 
E perpendicular to A C. Produce 
A C to B, making A D =. 3 A C. 
Praw the straight lint' D B E, 
cutting the tangent in K Then 
the straight line A E is nearly 
equal to the arc A B. 

Tho result of this rule, for an arc of dQ\ ia too small by about 
one-2j300th; and the eiTor varies nearly as the fourth power of the 
angle subtended by the arc, By subdividing an arc, thia rule may 
be made to meaaiuie it with any re(jmi'ed degree of accuracy. 



1 

* 




Fig. 18. 
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Rule C. To Conttruet a Circular Arc nearly egrto-l to n ffivm 
Slraigld Line, and subtending a gii->en Angle. — In fig. lil let P Q be 
the given attuight line. Construct the triangle P Q R, in which 

Q is a right angle and V 
the compleiiaent of the 
given angle- so that E 
is the given angle itsel£ 
Bisect the hypothenuse^ 
P R, in S, about which 
pcnnt describe & circa Jar 
arc traversing P amJ Q. 
Divide that arc into an 
eveii numLer of equal 
intervals J measure the 
distances from its two ends and from the points of division to the 

Sint R; multiply those distances in their order hj Sitnpson's 
iiltipliers (Section L, Article 5, Rule A); divide the sum of the 
pi-oducts by the sum of the multipliers; the quotient will be the 
radius R T, with which is to be described the arc T U, subtending 
the aDgle P R Q, and. approsiiniately eqfial to the eti-aight linti 
PQ. 

The error of this rule is aboitt + one-2,500th for angular inter- 
vals of 30°; and it diminishes somewhat faster than the fourtli 
power of the intervaL 

4i fiUiyUc Ave. — To construct a circular arc approximately equal 

, ^ to a given arc, C D, fig. 20, not 

exceeding a qnadrant of an 
ellipse whose semi-axes OA 
and B are given. 

In fig. 21 draw a stmight 
Une, in which take E F = B 
and F G = O A. Bisect it in 
H ; and about that point, witkj 
the radiua H F = H K, 

A - O B , ., 

Ti , deaciibe a cit 

2 

Mark the points c and d in 

tl>at circle^ by laying off Efl = 

OCandEt^= OB. 

Then divide the arc cd'intci 




Fig. 20. 



a« even miraher of equal interval a, a^ the case may be, and mraaiue 
the distances from the ends of the arc and the points of divisioB 
to G; these will be rolling iTidii of the ellipse, as generated by 
rolling a circle of the radius E H inside a circle of the radiia. 
B G, the tracing-point being at the distance H F from the ceii 
uif the I'oUiug circle j; multiply thoae rolling radii iu their order 1 
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I's multipUeTs (Section I., Article 5, Rule A); divide the 
»ura of the products by the sum of the multipliers j the quatiRiit 
wiii be £/*« radius of tiie required circuiar arc. 

I Fig. 2L 

en in fig. 20 describe a circle about O with the radius O A; 
throngb. C and D draw straight lines parallel to B, cutting that 
circle in F and A ; join O F, O A ; and about the centre, O, with 
the mean rolUng radius already found, describe the circular arc 
M Nj boTJUtled by the straight lineB O F, O A.; this will be the 
required circular arc approxiniatelp eqiicd to tJm elliptic arc C D. 

The circuliir arc may then be measured by the roles of Artid© 3 
of thia SectioiL 

The following are examples of the errora of thia rule, when 
applied to an entire elliptic quadrant divided into two intervals 
only. For greater numbers of intervals, the errors vary inversely 
as the fourth power of tbe number of intervals, or nearly eo: — 



I 



Uajor 

Seml-juclA 

A- 



i 



Setiii-Bdla 

7071 
'8000 
■B660 



Eccealridt7. 

■7071 
'6000 
■5000 



True 

X-nn.,gth froni 

TiLbltm. 
1-3506 

i'4i34 
1-4675 



LBB^h 

by BulB^ 

I '3538 
1-4193 
1-4681 



+ 



■0032 
•OQtt 

-0006 



6. Cammoii PamboTn — In fig. 16 (page 76) let A be the yei-tex 
of a common pai-abola, and A B an arc to he measured, commeuc- 
ing at the vertex. 

for a rough approximation, use Rule D of Article 1 of this SeC' 
tion. For pui-poaea of precisian, proceed aa follows : — 

Draw the tangent at the vertex A C, on which let fall the per- 
fiendicular B C, and meaBure the lengths of those Hues. Call A C 
tije base, and B C the Jinight 

To the square of the height add one-fourth of the square of the 
l«i»e, and eJttract tbe square root of the sum. Call this the sloping 
tartfjetit. 

Divide the square of the base by four times the heigbt Call thi9 
Oie/ocai distancs. 
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To the sloping tangent add the height ; divide the sum bj half 
the hase ; takt; the hyperbolic logarithm of the quotient Multipl/ 
that logarithm by the focal distance. 

To the product add the sloping tangent^ the sum will be the 
required arc* 

tj. CaieiiaiT.— Ill &g- 22 the horizontal straight line through ii 

the dirsftrij; of the catenary; tlie 

vertical line A is its parameter^ 00 

which all its dimensions depend; 

is the vertex, or lowest p.nnt of the 

curve ; B another point ; X B a ve^ 

tical ordinate from the directrix to 

the point Bj X the corrtspoBd- 

ing ubciss(if or horizontaL distant^ 

from O. 

KuLE A. — Given, A and X B; to find the arc A B> 

By construction: — On X B a^ a hypothenuse construct tbi 

right-angled triangle X T E, making 'X T = A; then mil 

T B - the arc A B. (T B ia a tangent to the curve at B.) 

Bj calculation :— A B = J (X B^ ~ A-). 

Rule B.— The area OABX= 0AxarcAB = 3 x triangle 

XTB. 

Rule C— Given, O A and O X, to find X B and A B 
Divide O X by O Aj find the hypei'bolic antilogarithm of the 
quotient (see Tahle 3), and the reciprocal of that antilogarithra 

For the ordinate X B, multiply O A by the half-sum of the 
antilogaritlim and ita reciprocal, 

For the arc A B, multiply A by the half-differenco of the 
same qtiantitiea + 

Addektium to Section I. 

A Plnlatnelcr Or PlaiiJnif?i«r Is 

plane artaa on paper. A jjoint 

* Ja BymbolB, letAC = aj,OB = j/, and the arc AB = «; 



an in&trumenfc for 
ia made to travel 



measunTTiC 
round th« 



Then 



= \/{^" + ''i) +4^ -^yv-H- 



y + 



\/0^} 



+ Li aytnhola, let A = m; X = a; X B = f/; aro A B = *; theoJ 



■/ 



area i y dz = ms = 



(e™-e V' 



w = Jif hyp. log- '- : 




Of jcAessfir&M. 




idary of the figure to be measured; and when that point bas 
returned to the spa4 frotn irhicli it started, tiie area emrloaed bj 
tbe boundary ii indicated oq one or more gmiBsted eizclea. 
BiinpleKt ixLiitniiueiit of this kind ia Aiujtlez'& 



Addendum to Secttox IT. 



Bccttflcatimi «€ Carre* b^ mm laiiMMiwi — An llLStmment 
tectifying cnrrea on paper consiats of a. small wheel, milled, and 
aometiines spiked on the rim, and taming apou a &xed spindle 
which hajf a fine screw thread cnt upon it. At one end of the 
Bpindlo h a fihotdder, to limit the motion of the wheel in that 
direction. 

The wheel l>eiDg made to bear againsft the ahoalder, ia placed 
with its rim resting on the commencement of the curve to be recti- 
fied. It is then made to run aloztg tke ctmre in Kach » directioii. 
that, in revolving, it acrewij i^elf awny^ from th« sbonlder. Having 
arrived at the farther end of the carve, it is lifted, and set down 
at a point marked on a straight line; it is then ran along the 
efcraiglit line 90 as to revolve the cootrarj- way, and screw itaelf 
ibock towards the shoulder, When it has returned to the shonlder 
frora which it started, its point of contact with the straight line is 
marked ; and thtiis is ohtaiiied a sttaiglit line eqo^ in leogth to the 
giTen curve. 

H Sectios V,— sCenthes op Maonitiidb, 

By the magnitude of a figure is to be understood its lengthi, area, 

or volnnie, according as it ia a line, a sar&ce, or a solid. 

The CefUre of Magnitude of a figure is a point snch that, if tbe 
figure be divided in anj way into equal parts, the distance of the 
centre of magnitude of the whole Bgure from any given plane is 
the mean of the distances of the centres of magnitude of the sever^ 
equal parts from that plane.* 

1, Hrmmetricai Figwi*.— If a plane divides a figure into two sym- 
metrical halves, the centre of laagnitude of the figui-e ia in that 
pbine ; if the figure is symmetrically divided in the like manner 
oy two planes, the centre of magnitude is in the line where these 
planes cut each other ; if the figure is symmetrically divided by 
three planesj the centre of magnitude is their point of intersection} 
And if a figure has a os^if )"» of^figure (for examplcj a circle, a sphere, 

• The centre of magnitude of an imiformly heavy btidy ia the same with, 
ita cejitre i>f' rjravitfj ; of which point mention will again ba made further on. 

The gtomttricni moment of any figure relatively to a given plana ia the 
product of its maguitade into the perpendicuLat distance of its ceatre from 
thftt plane. 
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an ellipse, an ellipsoid, a paitillelogram, ^kc), that point is its cei 
of mugnitudt!- 

2- cotMiMtiind witpiTK. — To find the jierpendicular distance from S" 
given plany of t)ie ceiitiia of n compouud figure mtide up of partJ 
whoge ceiitrea are known. Multiply the magnitiido of each part 
hy the perpendicular distance of its centre from the given pkwe; 
distinguish the products (or momenta) into positive or negative 
according as the centres of the parts lie to one side or to the other 
of the plane- add together, aeparately, the positive moments and 
the negative mouients : take the difference of the two sums, and 
call it positive of negative according as the positive or negative 
Bum ia the greater; this is the resultant moment of the eompund 
figure relatively to the given plane; and ita being positive or negn- 
tive shows at which side of the plane the required centre Ilea. 
Divide the i-esultant moment by the magnitude of the compound 
iignre; the quotient will be the distance required. 

The centre of a figure in three dimensions is determined by 
finding ita distances from three planes that ai-e not parallel to each 
other. The beat position for those planes is perpendicular to each 
other; for example, one horizontal, and the other two cutting each 
other at right anglea in a vertical line. To determine the centre 
of a plane tigursj itiS distances from two planes perpendicular to the 
plane of the figure are sufficient. 

3. Cfiiin|i«und Figure nf Two ^arto.— Let a CCtUiponud figure, as 
in fig, 23, consist of two parts, awi 
let their stparate centres, A and B, 
be known. Draw and measure tli« 
straight line A B; midfci|)ly ita length 
by the magnitude of either of the 
partSj and divide by the whole niHigni- 
tude ; the quotient will be the distance 
of the centrcj C^ of the whole figure 
from the centre of the other \mt; 
and C will lie in the straight lins 
AB, 
F'c:. S3. j-j-jj symbols, let A and B denote 

the magnitudeB of the parts, and A + B that of the whole figure; 

then 

i, Cmnpannd Pisiir« roriii«4 hf PabimciioB.— From the larger 

figure in fig, 2i, whose known centre is A, let a part whose known 

centre is B he taken away. Draw and measure the straight line 

B A, The centre, C, of the remaining figure will lie in B A, pro- 

daced bejoud A. To find the diatance A C, lanltiply B A by tiie 
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^Rgnitude of the part taken away, mad divide bjr the magnitude of 
the remaining figuva 

[In symbols, let A be the magnitude of the original figtire, 
B that of the ^ajtt taken away, and A — B that of the remsdning 
tigura. Then 

5, Fl«itr« t^aKged by SUAtnn m Part.— -In fig. 25 let be the 

origiiial pasitiou of the centre of a tigure; let the figure be changed 









Fie. 24. 

shape, but not in magnitude (from the dotted outline to the 
plain outline), by shifting part of it; and let A be the original 
position, and B the new poeition of the centre of the part shifted, 
jDcaw and. measure the straight line A B. Through C di-aw C D 
|»arallel to and pointing in the ^me direction with A B; and 

A B 3< magnitude of part shifted _ 



CD - 



magnitude of whole figure 



D will be the new position of the centre of the figure. 

6. Abt Flan« Are*.— To find, approximately, the cectre of any 
plane area. 

fiuLE A-^Let thp plane area he that represented in fig- 3 (of 
Section I., Article 5, preceding). Draw an axis, AX, in a con- 
venient pfmition, divide it into equal interv^als, raeaauro breadths at 
the ends and at the points of diviHion, and calculate' the area, as 
in Section I., Article 5. 
^^1'heu multiply esich breadth by its distance from one end of the 
^Ks (as A); consider the products as if they were the brejidtha of 
^riiew figure, and proceed by the rules of Section I., Article 5, to 
calculate the area of that new figure. The residt of the o^jeration 
will be the moment of the original figure relatively to a piano jier- 
pendicular to A X at the point A. 
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Divide the moment by the area of the original figure; the qtiotlent 
■will be the distance of the centre required from the phine perpen- 
dicular to A X ftt A. 

Draw a second axis intersecting A X (the moat convenient 
poBifeion being in general perpendicular to A X)^ and by a similar 
procesa find the distance of the centre from a plane perpendicuiur 
to the second axia at one of ita ends; the centi-e MriU then, be 
completely determined. 

Rule B. — If convenient, the distance of the requii-ed centre 
fi-ora a plan© cutting an axis at on© of the intermediate points of 
division, instead of at one of its ends, may be computed as follows : — 
Take separately the moments of the two parts into which that 
plane divides the figui-e; the i-equired centre will lie in the part 
wiiich has the greater moment. Subtract the le^ moment &am 
the greater; the remainder will be the resultant fnomsid of tlic 
"whole figure, which being divided by the whole areaj the quotient 
•will be the distance of the required centre &om the plane of 
division. 

Reicare:. — When the resultant moment is = 0, the (Ksntre is in 
the plane of diviaiou. 

Rule C, — To find the perpendicular distance of the centre from 
the axis A X. Multiply each breadth by the distance of the 
middle point of that breadth from tho axis, and by the proper 
"Simpaon'u Multiplier" {Section I.^ Article 5); distinguish the 
products into right-handed and left-handed, according as the middle 
points of the breadths lie to the right or left of the axis; take 
separately the sum of the right-handed products and the sum of 
the left-handed products; the requii-ed centre will He to tLat side 
of the axis for which the sum is the greater; subtract the less sutb 
firom the gi'eater, and multiply the remainder by ^ of the common 
interval if Simpson's first rule is used, oi* by | of the comoion 
interval if Simpson's second rule is used; the product will be 
the resultant moment relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distance 
of the ceuti*e from that axis.* 

7. Any Seiid. — ^To find the perpendicular distance of the centre 
of magnitude of any solid from a plane perpendicular to a given 
ax.i8 at a given point, proceed aa in Rule A of the preceding 
Article to find the moment relatively to the plane, substituting 

* 

* The rtilea of this Article are expressed in aytabolsas follows ;^ — Let x and 
jf be the perpendicular distances of any pomt in the plane area from twa 
platiGB perpendicular to the area and to each other, and s-'a and y^ tha per* 
pendiciuai' distances of the centre of magnitude of the area from the aifnt 
ploncBj thea 
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mcdonal areas for hrmdth^; then divide the moment by the volume 
(aa found by Scetioa 111., Article 5)j the quotient will be the 
required distance. 

To determine the ccDtre completelj, find its distances from three 
planes, no two of which are paraUeL In general it is beat that 
those planes should be perpendicular to each other. 

8. Anr Curred Line. RuLE A, To find approxdmcUelp the 
Centre of Magnitude of a v&ry 
Flat Curved ime.— In tig. 26 let 
A I> B he the arc. Draw the 
straight chord A B, which bisect 
in Cj draw CD (the dejleclion of 
the arc) perpendicular to A E; from D lay off D E = ^ C D; E 
"will be very nearly the centre required. 

The error of this process is about tSu of the deflection for a 
circular arc of 60°; and its propoHion to the deflection varies 
nearly as the square of the angular extent of the arc, 

£,ux,E B. — Wiven the Curved Line is Tiot very flat, divide it into 
very flat arcs; find their several centres of magnitude by Rule A, 
and meaaure their lengths by one of the rules of Section IV., 
Article 1; then treat the whole curve as a compound figure, 
agreeably to the niles of Article 3 of this Section. 

9. gfwci«i Flstirv*. L Triakgle (fig, 27).^ — From any two of 
the angles di-aw straight lines to the middle 

points of the opposite sides j these lines will 
cut each other in the centre required; — or 
otherwise,^ — from any one of the angles draw 
a straight line to the middle of the opposite 
side, and cut off one- third part from that line, 
commencing at the side. 

II. QuADSTLATEEAi. (fig. 28).^Draw the two diagonals A C and 
B D, cutting each other in R If the 
quadrilateral is a parallelogram, E will 
divide each diagonal into two equal parts, 
and wiU itself be the centre. If not, ona 
or both of the diagonals will be divided 
ittto unequal parts by the point EL Let 
B I> be a diagonal that is unequally 
^vided. From D lay off D F in that 
diagonal = B E, Then the centre of 
the triangle F A C, found as in the 
3g iTde, will he the centre required. 
HIT. Plajtk Polygon. — Divide it into triangles ; find their 
iti'ca, and measure their areas; then treat the polygon as a com- 
pound figure made up of the triangles, by the rales of Article 2 of 
tim BectioiL 
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Fig. 27. 
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TV, Frisk, or Cyi^inteb with Plawb Parallel "Entis, — ] 
tlie centi-ea of tbe ends; a straigLt line joining them ■will be 
axis of the \mmn or cylinder, and tlie middle point of that Eiie 
be the centre required, 

V. TETRiHEDRON, OK TkiANGULAK PtRAMID (6g. 29). — 'BU 

A. any two opposite edges, aa A D 

B C, in E and F ; join E F, and 
biisBct it in G J thia point will be the 
centre required, 

VI. Any Ptramid or CotrK 

WITH A Plane Basel — Find tbe 

centre of the base, from which, draw 

A utraiglit line to the eummitj this 

will be the axis of the pyramid or 

*' cone. From the axia cut off one- 

F'ff- 20- fourth of its length, beginning at 

the base; this will give the centre required. 

VII. A^Y Polyhedron or Plane-faced Solid. — Divide it 
into pyramids J find their centres and measure their volnmee; then 
treat the whole solid as a compound tigure, by the rul^ of Article 

12 of this Section. 
Till. Truncated Pyramid or Cone.^ — Find the respective 
volumes and centres of magnitude of the entire pyramid or cone, 
nnd of the part cut off; then find the centre of the remaining pari 
by the rule of Article 4 of thia Section. 
IX. CiRCULAH Arc, — In fig. 30 let A B be the arc, and tbe 
centre of the circle of which it U p*rt 
^^,jra__^^^ Bisect the arc in D, and join C D and A B, 

/'"^ ' '*^^^^"\ Multiply the radina C D by tbe chord A B, 
^V" li^' y^ and divide by the length of the ai-c A D B; 
\ / lay off the quotient E upon C D; E 

>v y will be the centre of magnitiide of thft 

M^ arc. 

j^ gQ X, Circular Sector, C A D B, fig. 30.— 

Find E as in the preceding rule, and 
make C F = | C E; F will be the ceotre i-equired 
XI. Sector OF a Plane Circular Eino. — ^In fig. 31, let B he 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner radii by three 
L times the difference of their squai-es; the quotient will be an iuter- 

^K mediate radiua, C D, with which deycribo an arc, D E, Bubtendiug 
^f the aarae angle with the Bectrtr. The centre of magnitude, F, of 
■ the arc D E^ found by Rule IX. of thia Article, will be the centra 
' required. 

XII. Circular Sbgmen-t, A D B, fig. 30. — Find -^he respective 
^atrea of maguitudB of tlve aectov C A. I> B, and the triaugb 
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Fig. 32, 



A B, whieli, being taken from the sector, leaves the segment 
then, by the rule of Article 2 of this Section, find the ceuti'e of 

E" ide of th(? segment. 

XIII. Parabolic HALP-SEOifEWT. — In fig 32 A E reprewtits 
a half-aegment of a pambola; O A being part of a diameter parallel 
to the axis, and A E an oi-dinate conjugjite to that diametei' — that 
is, parallel to a tangent at O. Make D = f A, and draw 
D C panvllel to A B and = | A B; will be the centre of magni- 
tude of th« half-segment. 

10. Cenirea Fanntl br IPii.raUcl Pr*jeclJ«ii.— By a paraUd pro- 
jeciioii of a plane figiu'e, or of a solid, iiS meant a figure resembling 
the onginal figure, but tninsformed by having its dimensions in 
one or more directions altered in given proportions, or by distortion ; 
subject to the limitation — tliat to every set o/pttrafM straight linea, 
bearhig given jyroportio'iis to each other in the oriijinul Jigure^ tftere 
shall cm' respond a set of pttrtdi^ straight li'fies m the new Jiffm'ej 
bearing ifie same proportions to each otfter. T'or example, — all 
triaogles are parallel projections of each other ; so are all triangular 
pyramids ; bo are all circles and ellipses ; so are all spheres, spheroida, 
and elii[)soid3; so ate ail circular and elliptic cylinders; so are 
all conea. 

RiJLE. — TAe centre of magnitiwk of a plmis or solid Jig^ir^, tohidi 
is derived by parallel prelection from another figure, is tlie paredld 
pryection of t/ie centre ofnmgnitude oftfte original figure. 

Remark. — It is to he observed that this rule ai>plies neither to 
curved lines nor to ciu-ved suifacea, but only to plane ai-eas and 
to solids. 

ExAMPLii — Elliptic Sector, O C D', fig. 33. L(it be the centra 
of the whole ellipse; A A its greater, aud B' O B' its lesser axis. 
Abfjut 0, with the ludius A, describe a circle, A B A B. This 
will be a parallel projection of the ellipse.* Through C and IX 
draw E C C and P JD' D i>araliel to B, cutting the circle in 

• Because evety ordinatt* of the ellipse, such as X Y', parallel to B", 
beara a. constant pruportion to the correapondiog ordinate X Y of the circle— 
thai of O H : a 
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IC and D; join O C, O D; the circular sector O C D will be » 
parallel projectiou of the given elliptic sector. Find, by Rule X. 
of Article 9, the centre of magni- 
D_^.-S__,__^ tilde, G, of tiiB circular sector ; and 

y/"""^ ^"^^f^ through it draw G H parallel to 

"X o, A \ B 0. Then 




Fig, 93. 



O B : B' : : H G : H G'j 

and G' will be the centre of 
nitude of the elliptic sector, 

1 1 . T*liiHie Sir«y t hr R M* 

Plnnc.— Let the centre of mt 
tude of » plane figure move 
aoy pathj straight or curved, 
let the plane figure at ever/ 
stant be perpendicular to 
directioD of tliat path ; the volui 



of the space swept through by the plane figure is the product of ) 
area of that figure into the length of the path of its centre. 

If any part of the plane figure moves hackwardsy the volui 
swept by that part ia to he subtracted from the volume swept ty 
the part that moves forwards, in estimating the volume swept 
the whole figiire. 



Ajddendum. 

Table 7. — Regular Polygons. 
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S.xaiB. 



Triangle, or Trigon, . 
Square^ or Tetragon, 

Hexagon, 

Pentagon,. ..,, 

Heptagon, «.... 

Octagon,. 

f^meagon, 

Decagon, 

HeniJticagOD, •„. 

Dodecagon^ 

DecatrigoD, 

Decatetragon, ......... . 

BecapeQt^on, . . . . t . . . ■ 

Diecaexagon^ 

Icoaagon, ...„...,.,..... 
Icositetragon, ......... . 



Side = I. 



Semi- . 

dlaiDctcr. *""' 



0*7071 

0'S5o7 

I'OCiOO 

1-3066 
I -4619 
r-bjSo 

*"7747 
1-9319 
210893 
2*2470 

2 '4049 
2*5629 
3-1962 

3 8306 



0-4330 
I'oooo 
17205 
2-5981 

36339 
4-8284 
6-i8i8 
7*6942 
9*3656 
1 1 '1 962 
13-1858 

IS '3345 
17-6424 
20*1094 
31 -5688 
45*5745 



Scnu-diAiaetar = 1. 



Sicie. 



1 73205 
1-41421 

fi7S57 
nooooo 

0-86777 

076537 
o -6S404 
o -61803 

o'S6347 
0-51764 
0-47863 
0-44504 
0-41582 
0-39018 
0*31287 
0-26105 
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The semi-diameter is measured frDm the centre of the polygon 
to an angle, 

To find the Side of a He^ar Decagon hy Conwto'ucii&n. — ^In fig: 
34 let A B be the semi-diaTneter of tho 
decagon. Draw B C perpendicular to A B, 
and = ^ A B ; join A C, from which cut 
off C D = C B; A D will be the side 
required. 

To find, very nearly, ih& Side of a R^pJat 
Hejitagon by Coftstructiort.'^ In Hg. 35 let 
A B be the semi-diameter of the heptagon, 
Druw the equilatemi triaogle A C R Divide 
A B into 2U0 equal pftrta, and take the poiut 
D at 89 of those parts from one end, and 111 
from the other end of A B- Join C D; this 
will be very nearly the side required, the error 
being practically inappreciable. 
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PAET 11. 

MEASURES. 
SEcnoN I. — Measures of Asgles. 

i. The flcxaguiniKi STMem ofaDgular measurement isasfollo' 
1 re%'oliitiou = i rig^t angles = 360 degrees ^ 1 degree = 60 
minutes; 1 mlDiite = 60 seconds. Seconds are usuaily subdi- 
vided iuto decimal fractions. As to circidar mect^trej sea Tabled 
in tlip preceditig part of this work 

2. The iVHuUeai or Binnrr ayatem used in the Mariner's compass 
is as follows ;^ — 1 revolution = 32 poiuts, eacli divided into lialv^ 
and quarteraj 1 poiut =11^ degrees (see preceding jmge), 

3. The ucuieMiiuifti (iTBieu of auguJur raeaaurement ia as follows :— 
1 revolution = 4 right angles = 400 grades; I grude = 100 
minutes; 1 minute = 100 seconds. This system is found in some 
French works published towards the beginning of the nineteeiitk 
centurj'^ but ia dow abandoned, 

SEcnoN IT, — Measukes of Time. 

1. Sidcrval Hay. — The standard unit of time ia the SidehealDat, 
being the ])eriod in which the earth turns once round on its aidi 
It is divided into sidereal hours, minutes, and seconds; but these 
measures of time are used by astronomers oiJy. 

2. mean Hotar Timer.— A SECOND 18 the time of One SWing of I 

pendulum adjusted so as to niake 86,164-09 swings in a sidereal 
day, Beconds are usually subdivided decimally, 

Oue Mrat'TE — 60 seconds. 
One HOUK = 60 minutes = 5,000 seconds. 
One MEAN SOLAR DAY n 2i hours = 1,440 minutes = 86,400 
eeoonds = 1*0027371*1 sidereal day. 

3. Ycair*.— One TROPICAL TEAS = 365 days 5 hOTira 48 mititttes 
49-7 seconds mLan soktr time, = 3G5 -24224 mean solar dayi% 
neatly. 

Ojie COHMON TfEAB = 365 days. 
One LEAP YEAR = 366 day a. 




HEABURES OF TUTa 



TeaxB Qf the areeatiAii Ca-lendAr. Uati. 

Number of year iu the Chriatian Era— 

Kot diviaible by 4 without remainder, .,.,,...,....305 

Uiviaible bj 4, but not by 100, 366 

Diviaible by 100, but not by 400.................. 365 

Divisible by 400 [but not by 4,000] *. „ 306 

[Divisible by 4,000,.., „.. .SUu]* 

4. i»B]«a, Civil ADd AMranvinicai.— The clvil day is held (in 
Western. Europe and in. America) to commence at midnight. The 
astronomiciil day coraraences at noon of the civil day having the 
narae designation; that ia, twelve hours luter than the civil day. 
The civil yuar is held to commence at midnight of the 3lHt of 
December of the year preceding; the astronomical year ooramencea 
at noon of the lat of January of the civil year. 

5. Kctotlen between Tine anti Ijongimde. — At any given instant 
the raean solar time at two stationa diflers by an amount pro|>[»Hional 
to their difference of longitude^ the time at the eaateru station 
being the later. 

CORRESPONDIKG DlFFEREJfCEa 



mgllnjae. 


Tima. 


Longitude. 


TIma 


15" 


1 second. 


75^ 


g houra. 


i' 


4 seconds. 


90 


6 » 


15' 


t mioute. 


105 


1 » 


1° 


4 minutes. 


120 


8 » 


15" 


I hour. 


I3S 


9 y. 


30 


2 hours. 


150 


10 H 


45 


3 » 


t65 


TI » 


60 


4 „ 


.180 


12 » 



To show the exact tlat« of any event, the meridian at which tha 
tune is reckoned must be a|jecitied. 

It is customary for civil and commercial jixirpoaes to reckon time 
at all places throughout Britain aa for the ineridtun of Greenwich; 
local mean aolar time being found for scientific purposes, when 
|uired, by calculation. 

At stations close to the two sides of the laeridian of 180'' there 

i necessarily a difierenee of a whole day in the date a corresponding 

the same real instant, the date at the western side of that 

idian being the later. The position of the raeridiati of 1 Sfl^ is 

ireJy arbitrary, depending on the jmBition assumed for the meri- 

tu of ii\ which is difiereut in each different Tiation. 

6. Divipfon* *r Ui«i Vrar.^InteT'vala in days iiXiiQ the beginning 

' the first <Iay of January to the beginning of the first day of each 

the other calendar raontha:^ — 

' Tbe rules in brackets arc an improvement prrpoaedby Sir John Heradel, 
which cauuot cuiiie iuto ojieration uutil A.11. ^tiU, 



4 



4 
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HRASTJSBB. 



Oommou Te»r. I«»p Yew. 



Commoti YQ«r. Leip Twl 



July,...*. i8i 

AngUStj....^... 2T2 

September, „ . . 243 

October...... ,. 273 

Kovemberj.... 304 

December,.,,, 334 



182 
313 

244 
274 
3°S 
335 



is four weeks, or twenty -eight 



Januftiy,... o « 

February-j.. 31 3 

Marchj 59 6i 

April, 90 9 

2l£aj',.... I30 12 

June, ....... 151 15: 

A so-called "hiTiar" mo 
dajs,* 

Section III. — Measuees of Length, 

1. The British standaTd Yard is the distance, at the tempemtare 
of 62^ Fahrenheit, betweeu two marks on a. certain bar whiah is 
kept in the office of tlie Exchequer, at Westiiiinster.+ 

2. The French nfetrc is the distance^ at the temperature of the 
maxiniiim density of water (or 4° Centigrade nearly), between two 
marks on a certain bar kept in the French Archives, and is approi- 
imately one ten'millionth part of the distance from one of the 
earth's poles to the equator, J The use of this measure, and others 
founded on it, ia lawful in Britain, and a copy of the standard metn 
ia kc[)t in the Excliequer office. 

3. Aiitiali MeamnM mf Lcnglfai— 





IncboHy 


Feet. 


YarJft. 


Statatii Miles. Metrea. 


Inch§ 


= I 


» 1^. 


= A 


=^ v^hrs = o'02539954 


Hand 


4 


* 


I 


rBTSTTT 0-IOIS98[6 


Foot 


12 


I 


h 


ttteW 030479449 


Yard 


3<5 


3 


I 


ttW o'9r438347 


Chain 


792 


66 


2Z 


^V ao-i 1643634 


Furlong 


7,920 


660 


220 


i 201-1643634 


Mile 


63,360 


5,28a 


1,760 


I 1,609-3149072 



The Inch ia subdivided — 

By artificers, sometimes into 12tha, or lines, but more 

commonly into binary di visions, aa halves, quarters, Sths, 

16ths and 32da. 
By mechanical engineers, into decimal divisions, as lOfcfc^ 

lOOtha, l,O00ths, and lO.OOOths. 

• A tnean lunation^ or real luimt months ia approjdmat&ly 29 i, or mom 
exactly^ 295^:059 mean solar daya ; 235 lunations nearly = 19 years, ~a period 
caJlcd a lunar or Mf tonic q/de, 

t See *' Weights and Meaaures Act," 1855. Official copies of the standard 
yard are kept At the Royal Mint, Jjoadon, the Eoyal Obaervatary, GrecJiwidb. 
the RooniE of the Royal Society of London, and the Talftce of Westminster. 

t The distance Irom the pole to the equator is not exactly the siua« OB 
different meridiana. 

if An ineh ia ahnost exactly one 500, SW, 000th part of the earth's poiiT 





veajsubes of hesgto. 

]e Ha^^ is used fot lieights of Iiorses and girths «f wf^n. ^^^^i 
The Foot is subdivided decimally by civil etigineen. ^^^^| 

irhe Yard, in Cloth Mkasuue, is «abdli>4ded binarily, ti^^^^^ 
\ li^ves^ quarter^;, half-quarters, and naiUt <^ l^tha dt a 

L yard. An English Eix U \\ yard, or 45 iochaL 

iTie Chain, in Land Measure, is snbdirided inta 4 polm or 
I perdies (each of D^ jarde) and 100 linkt {tm^ of 7^% 

[ inches). 

A Fathom 13 two yards. 

The Geographical, Naitticai^ or Sea. Miu, or Ksor^ depend* 

nn the dimcusiong of the earth, which are knoTu. approziiiisiel/ 

i_0nly. The foU owing are estimates pf iim Taloe ; — 

^^Mean length of one minute of! nearfy. JSSTy »ewir. 

^H Admimlty Begulation, J 

ii^*Mean length of one minute of ( , ^, o ^ 

latitude, ..} *'*^^* '-'5'^ ''»5^ 

^HA. League is three nauticnl miles. 

^^xhe nautical mile is sometimes subdivided into 10 caJfes and 

1,0QQ fathoms; the fathom thus obta.ined being about one-SUih. 

[jart longer than the commoa fathom, 

4. f rencb Uetricitl MxmfMwtm •£ l^ca^lh.^ — 

MolnK. BritUb VeHtmK 

Millimeti^e,.... o'ooi == 0-03937079 iDch. 

Centimetre, ,.,,....., o "o i 

Decimetre, o*i 

Metre, t = 3*2808992 feet. 

Decametre, 10 

Hectometre, Too 

Kilometre, 1,000 = o-Sa 13834 mile. 

Myriametre, .,,...,,. 10, 000 

The French nceudf or naTitical mUe, ia the same with, the 
Biitish. 

5. 0\A Scoltiali unci JrUli MeiuHrea of l>ensth. — 

The Itiisn Perch — 7 yards = 4*- imperial perch. 

The Ibisu Mile = 320 Irish pei-ches = 2,340 yards. = 44 

statute mile. 
The Scottish Iuch = 1*0162 im^ierial meb. 
The Scottish Eu;. = 37 Scottish inches = 37-06 imperial inclica 

»= 3*0883 imperial feet. 
The Scottish Fall = 6 Scottish eUa = 18-53 im^rkl fea^ 
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XEASUKES. 



The Scottish Mile = 320 falls = 1,920 ells = 5,929-6 imperial 
feet = 1*123 statute mil& 

Each of those miles was divided into 8 furlongs, and 80 
chains. 

As to Scottish measures, see Buchanan's Weights and Measures, 
Edinburgh, 1829. 

6. TtoAmum IHcanires mt Iiength. — 



UNrTED States, as in Britain. 
Imdia — 
Hath or haut (cubit) 

Coss (mile) = 4,000 cubits,... 

BnssiA — 

Foot = 12 inches, 

Sashen or sag^ne, 

Yerst (500 sashen), 

Prussia, Denmark, Norway— 

Foot = 12 inches, 

Ruthe (rod) = 12 feet, 

MUe = 24,000 feet, 

Austria — 

Foot = 12 inches, 

Klafter = 6 feet 

Mile = 24,000 feet 

German geographical mile, 

German sea-mile, 

Sweden — 

Foot = 12 inches, 

Fathom » 3 ells = 6 feet 

Mile a 6,000 fathoms, 

Netherlands— 

Palm, 

Elle, 

Myle, 

Belgium, Italy, Portugal, 
Spain— French Metric Mea 
Bures. 

China — 

Chih (foot), , 

Chang = 10 chih 

li = 180 chang, 

Old French foot = 12 inches = 

144 lines, 

Old French Toise = 6 feet, .. 



British Measnres. 

1 8 inches. 
6,ooo feet. 

= I '13^ stat. mile. 

I foot. 
7 feet. 
3.SOO ,, 

I -02972 foot. 
12-35664 feet. 
(24,713-28 
(. = 4 '6806 stat. miles. 

I -03713 foot. 
6*22278 feet. 
124,891*12 „ 

I =4-142 stat. miles. 
4 geographical miles. 
I geographical mile. 

0-97410 foot. 
5*8446 feet. 
35,067-6 

= 6*6116 stat. miles. 

3*937079 inches. 
3*2808992 feet. 
3,280*8992 „ 

= 0-6213824 stat.miL 



I -054 foot. 
10*54 feet 
1,897 feet 
= 0-3593 stat. mil& 

I -06577 foot. 

6*39462 feet. 



Metres. 

0*4571917 
1,828*767 

0*30479449 

2I33S6M3 
1,06678 

0-31385 
3-7663 



7.532*4 



0*31611 
1-89666 

7,586*64 

7,408 nearly. 
1,852 nearly. 

0*2969 
1-7814 

[• 10,688-4 

o*i 
1-0 

1,000 



0*32125 
3*2125 

578-25 

o'-32484 

1*94904 



For the measures of length used in various States of Gennanj") 
flee flfer Ingenieur^ . by Dr. Julius Weisbach. 




MEASniES OF AREA. 



Section IY.— Measures of Are.^ 



1, nrftl«k mcaiiiiFCB of Arcn, 

Used tw Science and 

Sq. inch (decinialljr stibdlrided), 

1 foot X litich,. 

Square foot (rlailtEally or diar>- 

decimaJly aubdivided)i ■ , . 

Square yam, 

Sqitnre tQlle, ,. 

Land Measdke — 

Percli 

Sq. cliswn {= 10,000 aq. links), ... 

Bood = 41) perches, ,„, 

Acre = 4 roods = 10 aq. chaina, 
Ub£D in the Arts— 
Square (of roofing or flooring),..... 
Eood (face of maionryjj 
Bod (face of brickwork}, 



Vrebcb Dlelrlc Jtt<>i&sDr«> of Ann. — - 





lotre,... 
Sq. centi metro,.. 
Sq. decimetre,... 

Sq. metre,.. ...= 

Sq. decametre,^ 

Sq.bectometre, - 



160 perches = 7 0,5 GO square feet = YoT> °^ 1"6198 imperial acre, 

1.^1 

totfcish acre = 4 roods -160 falls = 54,937 square feBt=l'3612 



£»3 



HBASHrSEB, 



VaRIOCS MfiAflUBKS OF ArKA— i^jZiftttcd 



PRtTsat A, DEK-BtAEK, Norway— 
Square foot =: 144 square in. ,. 
Square ruthe =^ 144 square ft. , 

Moi^en== 180 flqnai« rathen, 

AuaTHiA — 
%aare ft, = 144 square in.,... 
Square klafter = 3ti square ft., 

Jocli=I|600 square tUfter,,.. 

Swedes' — 
SqiisTe f t, = 144 square in . , . . . 

Tuimlaud = 56, OOO square ft., 

NETHERt.ANDa — 

Square elle, 

Bunder— 10,000 square «ill0u, 

Belgium, Italy, PoRTnoAL, 
Spain — French Metric Mea- 
sures. 

Old French square foot — 144 
square inches,..,..... 



I British lileaiwei 

I -06035 ^1- ^'^^^< 
i53'6875 eq. feet, 

a7.4S37S 

=0-63094 wane, 

i'07564Bq. foot. 
38723 sq. feoL 
6ii957 



{ 



i 6ii957 

I = i*4?366 acre. 

0'94SS7 sq, foot, 
i S3>»3672 sq. feet. 
( = I '21 977 acre. 

107643 sq. feet 
J 107.643 
I =2'47II4 acrea. 



1-13585 Bq. foot. 



o-ogSjo 
141 -85 

]- 2.SS3-J 



5.756 

o-aS8i 
} 4.936-4 



} !(>.( 



<>"io55 



Section Y. — Boud Measures. 



I. Brlilkb. Solid meiuiirea.— 



Cubic mcb (subdivided decimally)^..... 

1 foot X 1 inchx 1 inch, ,.,„,.,,„,. 

I foot X 1 footx 1 inch, 

Cubic foot (subdiTided decimally or 

DuodecimaEy,.. „».... .,.„,..,...... 

Cubic yard,.... 

Load of hewn timber,.,,..,.., ,... 

Rood of masonry ( = 36 square yarda 

face X 2 feet thick), 

Rod of brickwork (= 272 square feet 

face X 134 inches thick),.. 

Ton of displacemcut of a ship, 

Ton registered of intem&l capacity of 

a ship, .................................... 

Ton, iliipbuilders' old measurement, 



OufaiD IiicheB. Oubic It 



Cubic yards. 
24 



27 
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OubioMat) 
ooooolf 

OTXJOIC 

0-002355 
0-02 831 J 
0-764511 
■■41576s 
18-34S 

S'664 

0-991035 

183153] 

2-6&164 




SOLID MEA3tJIEE9 — WEIGIITg. 
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— FrcHch Mcii'lc Svlldi mvajiurci.- 



Sci^oice And 



Cubic nullimetre. 
Cubic centimetre, 
Onbic decimetre = 



Cubic metre..... = 

Cubic decametre s. 



Trade. 



MiUigtere, 
Centiatere, 

Decietere, 

SterOi 

1>eca8tere, 

Hectostere, 



Cubic Motnes. 

OiOCXlOOpOOI 

0*000001 

O'OOI 

ooi 

OT 
I'Q 

ro 

lOQ 



Kiloatere, 1,000 



0*0000610271 cubic VL 

o'o6]037l „ 

61-0271 „ 

610 271 „ 

f 6,10271 ,, 

\ = 353 1 56 cubic feet 

353" 166 » 

35t3ifr^ 



Vturlaa* Salld Meaaiire*. — 

States, aa in Britain. 

cubic foot, 

A, Denmark, Noeway, cubic £t, 

.rBTRiA, cubic foot, , 

SwKDZK, cubic foot, 

KktHZELANDS, cubic elle,, 

BiLCiUK, Italy, Pobtugaj^, Spjtijr— 
French metric measures. 
I Old French cubic foot.. ...... ..,..<..■■ 



SriUah OaiAa Feet. 

I* 

1 '09184 
1-IISS7 
0-9243 
35 "3'^^ 



I -2 1056 



Oabi« ^tna. 

0'02S3I53 
0-03053 
'031 59 
0'026j7 

I'OOOOO 



0*03418 



SEcnoir YL — MEAauRES op "Weight. 



1. The siaiidai'd ponnd AToirdi«i>«iB is tlie weigbt, at tba temper- 
re of 62° Fahrenheit, and under tlio atmoispheric pressure of 
inches of meiTCury, in the latitude of London, and at or iioar 

the level of the aea, of a certain piece of platinum, which ia kept in 
the Exchedinei' Office at Westminsiter. 

2. The fiiondnrd Kiivgraiuiiic is the weight, at the temperature 
of the maximum density of water (alxitit 4° Ceutigmde), and under 
the atmosplieric pressure of 760 millimetroa of mercury, in the 
latitude of Paris, of a certain piece of jjlatinura which ia kept in 
the Freccli Archives. The use of weights founded on this standard 
is lawful in Bi-itain, and a copy of it ia kept in the Exchequer 
Office.* 

Itt the tables of the following articles the relative values of the 
imd avoirdupois and kilogmmme are taken from Pi-ofesaor 
iller's paper '*0n the Stau third Pound" in the PkUosophicai 
anstictioiis for 1836. 

f* The kilogramme was at firafc intended to be the weight of a eobio 
cimetre of pure water at its maximnjn density ; but it ia in &Bt a.bou& 
pftrt lew. 
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Centif^amma, 
Decigranmie, 

I>ecagramQ]e, 
HKitogramme, 

Qaint^, ..,.. 

Tonneau (in shipbuild-} 
ing) or nuUier ......f 

Tnrt«m inrnnnin!* «r W«lirlit. — 

United States, as in Britain,, with the 
following exce[itioii: — 

Quitital, 
EusjsiA— 

Pound = 32 loth = 96 solotnik,.., 

Berkowrtz = 10 pud = 400 pouuds,,,, 
German ZoLLVSREtcr, Dbkuark, Nor- 
way — 

Pound, •.. „,„..,,.... 

Centner = 100 pounda...... 

AVSTRIi.— 

Fefuad = 32 loth - 

Hier = i(H> pounds,, ...... I- ■ "■■"•••• 



1-2346 




SWKDEK — 

Skalpund = 32 loth, 
Skeppund = 400 &kalptmd, 

NMUKltLASDS — 

Pond - 10 Oiicea = 100 Loodeii = 1,000 

Wigtjes, 

Belcidm, Italy, Spain, Portugal — 

French Metiic Measures, 
Chisa — 

Gin or Catty =16 tael or lyang,. 

Piaul = 100 catties, 



lit lb, avoir. 



Section YIL — Measures of Capacity. 

1. The Sfnudnrd Ciiiiiaii is the volume of 10 lbs. avoirdupoie of 
[Hire water, at the tempeTstvire of 62° Falireiiheit, and under the 
jitmoapheric pressum of 30 inchfia of mercury. Ab that tempera* 
tiire the voliiiae of water is 1*001122 times its tiiinimum vnluoieL 

2, The fliv^Rdsrd littn is the vohtme of a kilogi-amme of put's 
water, at its temperature of maximum density (about 4' Centigrade), 
and under the atmoapheric pressure of 760 inilUnietrea of Dierciiry. 

J^t was originally intended to be a cubic decimetre, but ie about one 
■tO.OOOth pai-t leaa, or 0-9y9992 cubic decimetreL 
^B 3. Briiljtli JncaHircB of Cv^pacttT' — 

■ CSftlTf! 



Gill, 

Pint 

Quart 

Pottle 

Gallon 

Peck 

BuBbd 

Quarter 



4gills, .,... 

2 pints, .,... 

2 qnartfi 



2 potUes, 

2 gall ana, 

4 pecks, 

8 Ijushelfl, ..., 



0-03125 
0'I2S 
0-25 
0-5 



2 
8 
64 



Brltisfa Solid Measure, 
nearly. 

S '660 cnb. inches. 
34-640 „ 

69-280, „ 

138-5615 

277123 „ • 

=^o' 16037a cub. foot. 
0-320744 „ 
1-2S2976 „ 
10-263S0S cub. feet. 



0'i4'9or 
0-567628 

1*135255 

2 '27051 

4-54102 

9138204 

36-32816 

290'6252li 



A inn of ale =: 2 butta = 4 hogsheads i= 21 G gallona ^ 980-8G 
litrea. 

A ton of sea- water = 35 cubic feet =318^ ^lons nearly = 
11 -04 litim 

:ijCABiEa' PtniD Mbasuue. — 




luta clrachm = (JO uilnims, ..,..,.,. 
Fluid ounce = 8 fluid drachms, . 
Pint = U) fluid outicea,... 
Gallon = 8 pints, 



CTtiblo Incbe^, 


litras. 


0-00376 


o-ooci:»G)6 


0-2256 


0-003657 


1-8047 


O-029;'?? 


2S'S7SO 


0*47,5 


231-0000 


37«; 



• This is the correct volume of 10 lbs. of jmre water at 62° Fahr, 
therefore the true value of a gallon in cubic inches. By a fotwiBi 
tUament, eiuoe re]>ealed, a ^lloa was declared to \js 5>l1 '2^4. es^nfc 
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Millilitre, >». 
Centilitre, 
Decilitre, . 
Ijitre, ■ 
Decalitre, 
Hectolitre, 
Kilolitre, .h 
Mydalitre, 

5. TBrioua IHeiiaiireB of Capacilfi^ — 

Uhited States, oa in Britain. 
IftirssiA — 

Vedro = 10 kmacliki = 730 '668 cuMc inches =.,.., 

FfitJSStA — 

Quart or Viertel ( = 64 Prussian cnbic inelieH), 

Oihoft = 1 i ohm = 3 ejmer — 6 anker = 180 qnart, 
Tonne = 4 scheffel = 64 metacEi =f 192 viertel....... 

AtlSTRlA^ — 

MttasB = 40 seidel = 80 pfiff = 0-0448 Anatrlanl 
cubic foot, ./ 

Eimet* = 40 ma^aa, 

Sweden — 

Kann ( =. O'l Swiediak cubic foot), 

Am = 60 kannsj,...,..-.......,....-. ,.........,..,.„ 

Netherlands — 

Kan (aubdivided decimally), - i..,...,... 

Old Scottish gallon = B pints = 16 cliopiiis =321 
mutchkins = 12S gills,.... i 



QftHons. 


litroft ' 


270843 


12*299 


0*25215 

4S-3«7 
4S'4i3 


1*145 
206-1 
219*84 


031 16 


1-415 


12-464 


56-6 


057635 


2*617 


34-581 


i57-aa« 


0-220215 


.^ 


30651 


13-918; J 



Sectioit yilL — Measukes of Talite. 

1. Tbe vincBCH tff C}«ld aiid siif^cr Coina means the proportii: 
of the precious metal whicli they contain, and ia genei-allj expressed 
in thousandths of their total weight. The tiueneaa of gold coioa 
is also expressed in camts, or 2-ttha of their total weight 

The fineness of Britisli gold coins is 33 caTats, or 0-Ol6|; of 
British siJvei" coina, 0"925; and of the coins of most otlier nations, 
0-900. 

2. The P««Bd Sferiinv is the Talue of the 
pure gold in a sovereign, viz.,,,,.,, .,, iT^'ooi gi-aius^ 

The alloy in a sovereign consists of copper,... 10 "2 7 3 

Full weight of a sovereign, ....................... i23'274 

Fiueaess, 22 carats = 0*916|. 

Least legal tender weight, 122-75 

Current weight, or least weight received at 

jmr at the Bank of England,-'-' 122-^ „. 




MEJL8URES OF VALUE. 10' 
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3, The Vraac 18 the value of 4-5 grammes of pure aiiver; wticfe 
being alloyed with 0'5 gitmrrae of copper, the full weight of the 
coin is 5 gramiQeg. The fineneBs ia 0-900. The Italian i^ira ia^m 
equal to the franc in weight, fineness, and value. ^M 

^P 4. The German Vnion i>«i[qr (Yereinsthaler) is the value of rrJ^I 
of a Zollpfand f = ^ of a IdJogrativtiie, or 257 '2 grains) of pura 






Iver, to which is added - of its weight of alloy, the fineaesi 

ing 0-900. I 

5. The Comptinitlre Titlne of moneys in different conntrtei ' 
fluctuates with the raie of exchange^ and cannot be atat«d exactly, 
A conventional estimate of the average comparative value of the 
moneys of two countries is called par. A few i-atea of exchange at 
par are given in the following tabla For further information, 
reference may be made to M'CuUoch'i Commercial Diciumary, and 
Kelly's Univ&rs(d CanibisL 

£ SterUne. Fnooa. 

British Pound sterling =: '20 sMllinm 1 

(,.,, nrn J- .1 ' f I "00000 25'230 

= 2i0 pence :^ 9<i0 /arifuTigs, j "^ 

French and Belgian Frano = IQQ ) n-oanfii; 

centimes ^ Italian lira, ....,.,. J| 39 5 

American Dollar ^ 100 cents, ........... 0-20548 S'iSa 

Russian J?wfite = 100 ^o/jfiits,. 0-15625 3"94i 

German rereinfi(/ia/.er (Union Dollar), 1 

= Prussian thaler = 30 silberg- > 0*14493 S'^SS 

rosch^Tb r= 360 pjktinige, \ 

Austrian Gvlden (Florin) s=; | v&tb- \ 0-00662 2-Ait 

insthal^r = 100 neukreutzsr,. j " ^^ ' 

South German Gidd&n (Florin) ^] 

^ verdsfisthaler ^ 60 Arei^aer 1= > o-oSiSa 2-089 

340 ^j/erewM^e, „.... ) 

Netherlandish Gulden, Guilder (or I „ ■ 

Florin) = 100 cent^ / ° '^^BSS 2 loa 

Danish Rigsbankdcder ^96 sK?- 1 ^r, 

ling, / ^'•^^SH 2770 

Norwegiau Spedesdaler ^ 120 skU-) ^,^xo 

ling^. „ I °"568 5540 

Swedish Riksd<der=100 ore (spedea- \ - *^ o 

dalsr = i Mater), ^ZZ. } °°547? I'SSa 

Fortuguese MUrsia = 1,000 reis,.. .,*... 0*2354 S'937 

Spanish Duro (Dollar) = 20 reakaf 0*3083 5'254 

British Indian Rupee ^16 armas £=1 nnit a-saft 

' \npke{lm=lQO,^mrupm),...] ^' ^^ 
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Sbctiok IX — Mbasures of Speed, Heaviness, Pbes&itre, 
WoftK, ASD Power. 

I. Bpcf^ or Teiocifr of advance is expressed in units of loQgtli 
per unit of time. 



Comparison of Different Measures qf VetocU^, 



Mfltw 
prr taour, 



v6Bx6 

0-01136 

o'oooi893 

= T1503 



reet 

I>Br Ei«c<}ad, 

= I '46 = 

^ I- = 

= 0"oi6 = 

= o'oooaj = 



raet 
per mi ante, 

88 

60 — 

I - 

o-oi6 = 



perbcnK 
52&O' 
3600 
60 
1 



= ioi"275 =^ 6076: 



J 



natiticftl mile'' 

per hour, ori- =t 1.(^08 = i-C 

**koot;* _' 

The units of time being the same in all civilized countriesj tUe 
ivroportions amongst their units of velocity are the same with those 
amongst their linear Tneasures. 

2. Speed af XaniiiiKt Of Angniar Teiochrf IS expressed In turaa 
per secondj, per minute, or per Lour, or in circular measure per 
aecond. 

To convert turns into circular measure, multiply by 6'2832 
To convert circukr measure into turnSj multiply by ©'159 155 

Comparison 0/ Different MecMures of Angidar VdocUy. 



per isBcuntL 



6'2833 

0'10473 

0-001745 



Tums 
per a«ccrQiL 

I 

o-oi6666 
0*000377 



Tums 
pAr minute, 

9*5493 
60 



00x666 



Tnni* 
p«r hour. 

3600 
60 



3. UiHTinn* is expresiied in units of weight per uuit of volume; 
as pounds to the cubic foot, or kilogrammea to the cubic metre, 
(See Section XI,) B|iectflc csraTiir is the ratio of the heaviness of 
a given substance to the heftviness of pure water, at a staudaitl 
temperature, which in Britain is 62^ Fahr,, and in ]Frd.nc« tlie 
temperature of the maximum density of water. To convert 
specific gravity, as estimated in Britain, into heavineiss in lbs, to 
the cubic foot, multiply by 62 -355. 

In metric measures the specific gravity of a substance is equ*! 
to its heaviness in kilogrammes to the litre (or cubic decimetre 
verf^ uearlj). 




MEA3DRES OF PRESaiTHE — OF WORK, Iftl 



&P^ 



I 



4. Tbe infeiiBiti' sf Pm»HH is expressed m units of weiglitoa 
the unit of area, as pounds on tlie square iucli, or kiJogramnies on 
the squai-e metre j or by tht? heiglit of a. colnran of some fluid j 
or in atmospheres, the unit iu this cane being the average pr^sure 
of the atdiOHphere at t)ie level of the ^ea. 

The following table gives a cotupaiiaou of various units in which 
the LutenaititiS of pressures are commonly expreased. 

' rounds on tbo Ftnindi da tb* 

bqjare foot, Kquare Ltusb. 

One pQUUct on the square inch,.... 144 I 

One ix>uud on the square foot, i tIt 

One inch of mere nrj( that is, weight 

of a column of mercaiy, at 32" 

Fahr., one inch high),....... 7o'7273 0'49tt63 

One foot of water (at S^'l Fahr.), 62-425 o'43,S5 

One inch of water,...,......-,.,,,.,, 5'202i o"036i25 

One atmospherej of 29-923 inches 

of mercury, or 760 niilliuietres, 2jii6'3 14*7 

One foot of air, at 32° Fahr., and 

uuder the pressure of one atmos- 
phere, ,.,. .,,,... o'o8o728 0*0005606 

One kilogramme on the square 

metre,..,, , 0-20481 o'ooi4a228 

One kilogramme on the square 

millimetre, .....204>Sio 1,422-28 

One uiillimetre of mercury,.....,.., 3-7847 0-01934 



Compariaon of Meads 0/ Water in Feet, with Pressures in 
Various Unils. 

10 DB foot of water at 52° '3 Fahr. = 62-4 lbs. on the square foot. 
I jj „ 04333 lb. on the square inch, 

I ,, J, 0-0295 atmosphere. 

f J, „ 0-8823 inch of mercury at 32°- 

f feet of air at 3 2", and 
" " ' '3 *! one atmosphere. 

One lb. on the square foot, o-oi 6026 foot of water at S2''-3 
Fahr. 

One lb. on the square inch...... 2-308 feet of water. 

One atmosphere of 2 9 9 2 2 inches V 

of mercury / ^^ ^ 

One inch of mercury at 32°, i-i334 » n 

One foot of air at 32°, and one 1 ^.^oi^gA „ 

atnioaphere, J 

One foot of average sea water, 1-026 foot of pure -water. 

5. W*vk is expressed in units of weight lifted through an unit 
of height; as in lbs. lifted one foot, called foot-pounds; or 



I 






k 




MBASirttsa. 

kilogrammes lifted one metre, called hthgraTnTnetres^ 
XI. of this part) 

A tilogrftmmetre u 7 '233 14 foot-pounds. 
A foot-jxumd is 0*13^353 fcilogrammetre. 

6. P«wer ia expressed in units of work done in an unit of 1 
aa in foot-pounds per second, per minute, or per hour; or 
conventional units called korse-powet. 

One Sor^-PaKfer, British measure, = 550 ft-lbs. per sec 
= 33fOOO ft-lbsL per minute = 1,9180^000 ft.-Ibs. per hour. 

One '^ Force de C/tenal," French measure, ss 75 kilogram metres 
per setM>nd ^ 542^ ft.-lb3. per second nearly ss 09863 
British horse-power. 

Ooe British horse-power ^^ 1*01391 foi'ce de ehevaJ, 

7. The iuaiicai Honent of a given weight relatively to a given 
vertical plane ia the product of the weight into its horizontal 
distance from that plane, and is expressed in the same sort of 
units with work. 

Comparmon of Measures of SUUical Mameni. 

KUograininetfei. 

Inch-lb. := , o 011531 

13= 1 Ft.-lb. = o'i3S253 

112^ 9^ ^ t Inch-cwt, =r ,..,....., 1*29036 

1,344= 112 = 12^ 1 Foot-CWt.;= 15-4843 

2,240^ i86|;^ 20i= t|= I Inch-ton^....... 25*8072 

26,380 =i 2,240 ^i 240^ 20 ^ 12 := I Foot-ton ^ 309'687 

8. AbMinie Uiiita vf Force. — The "Absolute Unit of Force" is 
ft term used to denote the force which, acting on an unit of uluss 
for an unit of time, produces an unit of velocity. 

The unit of time employed is always a second. 

The unit of velocity is in Eiitain one foot per second; m 

France one metr^ per second. 
The unit of mass is the ma^ of so much matter as weighs one 

unit of weight near the level of the sea, and in some 

definite latitude. 
In Britain the latitude chosen is that of London; in France, 

that of Paris. 
In Britain the unit of 'weight choAan is sometimes a graia, 

Bometinies a pound avoirdupois; and it is equal to 33* 187 

of the corresponding absolute unita of force. 
In France the unit of weight chosen is a gramme, and it ia 

equal to 9'8oS7 of the corresponding absolute uuita of force. 

The proportions borne to each other by the absolute units of 

force in difierent countries are nearly tJie same with those of the 

of work (see Article 5 of this Section), and would be exactly 



BKAatTH^ OF HEAT. 
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ihe same litit for tlie variation of the force of gravity in the 
latitude. Gravity ia about I'oooi^ timea greater in London than 
in Paria 



Section X. — Muasures ot Heat?, 



lit Ceut:igrA4e. Hejiumnr, 
100=* 80^ 



3a< 



-.) 



Standard Points — 

BoiliDg point of water I 

TiTkder one atmoapliere, J 

Melting point of ice, 

(Absolute zero; known) 1 . <- o ^ o 

^ T_ ., ,' } aoout — 401-3 — 274° — 210 

by theory only,, | ^ it y 

9° Fahreuheit — 5° Centigrade =r 4* Keaumur. 

9 
Temp. Fahr. = - Temp. Cent. + 32' 

= I Terap. R^um. + SS" 

^Temp. Cent = - (Temp. Fahr. — 33°) = ^ Temp. E^um. 

^4 4 

lemp. Eeaum, ^ ^ (Temp, Fahr. — 32°) = -= Temp. Cent, 

2. 4inaMtiiic« of Hcai are expressed in nnita of weight of water 
heated one degi'ee; as in pounds of water heated one degree of 
Fahr. (the British unit of heat) : or in kilogtamnieB of water 
heated one degree Centigrade (the French unit of heat). 

One French unit of heat (called Calorie)-^ ^-^6832 British nnita. 
One British unit of beat = o'25i996 French nnita. 

Quantities of heat are soraetiraes also expressed in uniAs of 
et>ttporatio7i- that ia, unit^ of weight of water evaporated under 
the pressure of one atmosphere. 



H 



Heat which evaporates one lb. 
of water under one atmos- 
phere, 



> = 966-1 British units of heat. 

Heat which evaporates one ) ^ ^r ^-ei -u •j.^it 
kilogramme of water, | = 53^-7 French unite of heat 




■ loe 






MGAStTEBa. 


^ 


■ 


1 
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Comparative Table 


OF Scales of 


Tempeeaturb. 


n 


^1 


C«nt. 


H^aum 


Fuhf. 


Cent, 


fi^auuL 


Fahr. 


Cent 


H^atiffl. 


H -53 


-50 


-40 


311 


155 


124 


680 


36a 


28S 


■ 


-45 


-36 


320 


160 


128 


689 


365 


293 


■ 


-40 


-32 


329 


165 


J32 


698 


370 


3g6 


H ~3^ 


-ss 


-2S 


33S 


170 


136 


707 


375 


300 


^1 -i3 


-3^ 


-24 


347 


175 


140 


716 


380 


304 


H ~^^ 


-25 


— 20 


35^ 


180 


144 


725 


38s 


308 


■ - 4 


— 30 


-16 


3*5 


185 


14B 


734 


39^ 


312 


■ + 5 


-IS 


~- 12 


374 


190 


152 


743 


395 


31* 


H 


— 10 


» 8 


3*^3 


195 


^'5<5 


752 


400 


320 


■ 


- 5 


- 4 


392 


30O 


160 


761 


405 


32^ 


■ 








40t 


20s 


164 


770 


4to 


328 


H 


+ S 


+ 4 


410 


210 


i£8 


779 


415 


33a 


■ 


10 


8 


419 


215 


172 


788 


420 


336 


■ 89 


15 


12 


428 


220 


176 


797 


425 


340 


■ 


20 


16 


437 


225 


180 


8ofi 


430 


344 


■ 77 


25 


20 


446 


230 


184 


815 


435 


34» 


■ 


30 


24 


455 


235 


188 


824 


440 


352 


■ 


35 


28 


464 


240 


192 


833 


445 


35<J 


^V 104 


40 


32 


473 


245 


196 


S42 


450 


360 


■ 1^3 


45 


36 


48^ 


25a 


200 


851 


455 


364 


^H 12:2 


50 


40 


491 


255 


204 


860 


460 


368 


■ ^3^ 


55 


44 


500 


260 


208 


869 


465 


372 


■ 140 


60 


48 


509 


263 


212 


878 


470 


37^ 


■ M9 


6s 


52 


5i« 


270 


216 


887 


475 


38a 


■ 15B 


70 


56 


527 


275 


S20 


896 


480 


384 


■ 


75 


60 


536 


280 


224 


905 


485 


388 


^B* 176 


80 


64 


545 


285 


228 


914 


490 


392 


■ 


ss 


68 


554 


290 


233 


923 


495 


39^ 


H 194 


90 


72 


B^3 


295 


236 


932 


500 


400 


■ 203 


95 


76 


57 a 


300 


240 


941 


505 


404 


^M 313 


100 


80 


581 


305 


244 


95° 


510 


408 


^H 221 


105 


84 


590 


310 


248 


959 


513 


41a 


H 230 


no 


83 


599 


315 


252 


96S 


520 


416 


H ^39 


115 


92 


608 


320 


25*5 


977 


525 


420 


H 34i^ 


120 


96 


617 


3^5 


260 


986 


530 


424 


■ 2^7 


125 


lOQ 


626 


330 


264 1 


993 


535 


428 


■ s66 


130 


104 


635 


335 


26S 


1004 


540 


43- 


■ =15 


T35 


108 


644 


340 


272 


ID13 


545 


43^" 


H 2^4 


140 


112 


<553 


345 


27^ 


loaa 


550 


440 


H ^93 


145 


116 


662 


350 


280 


1031 


555 


4+4 


^^S^3 


150 


130 


671 


355 


384 


1040 


560 


448 



CONTXBSION-TABLES. 



Sectioh XL — Tables op Mdltipuers for Convebtino 
Measuresl 

I. C*nipaiia«B mt BiaaiTi Dcclnial. aad D^^eclnal Fnictiva* 



re8.4tba. 8tba^ letha 



3... 6 



83da 

Z 
3 

3 

4 
5 

6 

7 
8 

9 
10 

II 
12 

13 



7 - U 

8 ... 16 

17 
... 18 



10 



II 



12 



13 



... 4 .- 8 



>5 
16 



19 
20 
21 

22 

23 

24 

25 
26 



27 

14 ... 28 

29 



30 
31 
3a 



Decimala 12tli8. ettaa. 4thB. Sds. Hal 
•03125 
•06250 
•08333 ••• I 

•09375 
•12500 

•15625 

•16667 ... 2 ... I 

•18750 

•21875 

•25000 ... 3 ... O ... I 

•28125 

•31250 

•33333 — 4 ••• 2 ... o ... I 

•34375 

•37500 

•40625 

•41667 ... 5 

•43750 

•46875 

•50000 ... 6 ... 3 ... 2 ... o ... ] 

•53125 
•56250 

•58333 ... 7 

•59375 

•62500 

•65625 

•66667 ... 8 ... 4 ... o ... a 

•68750 

•71875 

•75000 ... 9 ... o ... 3 

•78125 

•81250 

•83333 ... 10 ... 5 

•84375 

•87500 

•90625 

•91667 ... II 

•93750 
•96875 

I'OOOOO ... 12 ... C ... L ..• ^ 
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1 




■ 


The values, in decimaJs, of tlie binary fi'actiona are exact. 


T1jC2 


of duodecimal fract 


ions which 


are uot also 


binaiy fractions, ^ 


approximate onlj. 








J 


2. niiltliilien f*r 

A Liijka 

into 


CaHTCTtlng 1 

B,— Feet into 
Unka, 


Iriilah 9Ti»n 


y^^^ 


1 


C — KfiniTi! 


Feet ibio 




Feat 


BqcuMFeet 


Square Unlu. 


^H 


X 


o'66 


1-51315 


0-4356 


2-2957 


H 


3 


132 


3'0303«> 


0'S7I2 


4*5914 


^H 


3 


1-98 


4 '54545 


1-3068 


68871 


^1 


4 


2-^ 


6 '06061 


1-7424 


9-1827 


<^| 


5 


3-3» 


7'5757<5 


2-1780 


11-4784 


'8 


6 


396 


9-09091 


2-6136 


13*7741 


ofl 


1 


4-63 


10*60606 


3'0492 


16*0698 


^jl 


8 


5-28 


I2-I2I2t 


3-4S48 


18-3655 


sS 


9 


594 


13-63636 


3-9204 


20-6612 


9V 


lO 


6 '6a 


15*15152 


4-3560 


22-9568 


lofl 


^^^^^^^^^H 


GpoRi^phical 


MllM Into Mcjm G.— Tom 


H.-Ub» 


^^1 


^^^B 


Miles Itilo 
Btatute Miles. 


Q«^phl« 


latoLha. 


Into Tons. 


B 


W^^i 


II51 


0S69 


^,240 


•0004464 


iB 


1 


2-302 


i'733 


4.430 


■0008929 


afl 


■ 


3-452 


3-607 


6,720 


'00 1 3393 


ifl 


■ 


4'6o3 


3'47* 


8,960 


•OOT7857 


^ H 


■ 


5754 


4 '34 5 


I 1,200 


■0022321 


5 


■ 


6-905 


5214 


13.440 


■0026786 


6 


■ 


8-056 


6'o83 


15,680 


-0031250 


7 


I 


9*207 


6-953 


17,930 


■0035714 


8 


1 


io'3S7 


7-321 


ao,i6o 


'OO40179 


9 


■ 


11-508 


8-690 


22,400 


'OO44643 


10 


^^^ 


l^Toas 


J.~CiiliSc F»et 


E,— L^ pa the 


I Vm, <m 




^^^^^p 


DlHptacement 


Squara Inch 


the SqaaTS FMt 
into Lba. oa tllft 




^^^^^^^1 


iDtd 


iiii4J Aiijun 


IqtD Lhfi, on tho 




^v 


Cubic Ymi. 


DJ nplacem e n't 


Square Foot, 


S4|u&» InclL 




H 


35 


'02857 


144 


•00694 


1 


1 


JO 


■05714 


38a 


•01389 


3 


1 


105 


■08571 


432 


'O2083 


3 


■ 


140 


•11429 


57 <> 


•02778 


4 


■ 


175 


-142S6 


720 


'03 47 2 


S 


■ 


£10 


■17143 


864 


■04167 


6 


■ 


245 


•20000 


1,008 


■04861 


7 


■ 


280 


•22857 


1.152 


•05556 


S 


^^^ 9 


315 


■257 H 


1,296 


■06250 


9 


^^^^no 


350 


•28571 


1,440 


•06944 


IQ 

4 



m 


r 


GOSVBnSIOW 


TAfiLE9. 


^^ 


"" 


lOd^l 


^^ M.-LbR, AtoIt 


K.— Grain? Into 0.— Cubic Feet 


F.— QaUoua it]to 


^1 


f into Gmina. 


Lbi. Avoir. 


LDto OaUoss. 


Cubic Feet 




^^1 


L X 7, 


000 


0*000143857 


6 


3355 


0-16037 




I ^1 


H 2 


000 


0*0002857 14 


12 


■4710 


0-32074 




2 ^H 


H 3 2I,O0O 


0*000428571 


18 


7065 


0'4SlI3 




3 H 


4 2S, 


000 


0*000571429 


24*9430 


0-64 1 49 




4 H 


S 35 


OOQ 


0*0007 14286 


31 


•1775 


-So 1 86 




^ H 


6 42, 


000 


0'oaoe57E43 


37-4130 


0-96223 




6 ■ 


^7 49 


000 


O'OOIOOOOOO 


43 


•6485 


I'I226o 




7 H 


■ » 56^ 


csoo 


o'ooi 142857 


49 


8S40 


i^28298 




8 H 


■ 9 ^3 


oao 


0001285714 


46 


■I 1 93 


i'44335 




9 H 


^Bio ^0^000 


0*001428571 


62 


355a 


1-60373 




^1 


^H Q.— Vsluei of Decrtnhl FraetlQiM of a FcKiDd SterliuK In ShUUngH And Penoe, 


H 


r "^ 


& 


d. 


£ i 


r. 


d 


£ 8. 




H 


L -001 = 





0*24 


'OI = 


2-4 


■1 = 2 




^H 


^K *003 





0-48 


■02 


4-B 


-2 4 




^H 


^1 *oo3 





0-72 


■03 


7-3 


'3 6 




^1 


^H -004 





o'qG 


■04 


9-6 


■4 8 




^1 


V -<^5 





I'30 


05 ] 




O'O 


-5 10 




^1 


P -006 





144 


■06 ] 




2*4 


-6 12 




^H 


^^ -007 





1-68 


■07 ] 




4*8 


•7 M 




^H 


H -008 





I -92 


•08 




7'2 


-8 16 




^H 


^H -cog 





2-t6 


'09 ] 




9-6 


*9 18 




^1 


^H E.— TalTiea of FartliiuBS, Pence, aad Skillinga In Decimal 1 


''racUonfl of a P 


OOJUi, 


H 


^H FarOiiBeB. 




£ 




Shminga. 




je 


^1 


^H 




'0010417 




1 




•OS 


^^1 


^H 




■0020833 




2 




•10 


^H 


H 




'003 1 3 50 




3 




*i5 


^H 


^^B Peoca 








4 




•30 


^^1 


^H 




-004x67 




5 




•zS 


^H 


^H 




•006250 




6 




•30 


^H 


^H 




•008333 




7 




■35 


^H 


H 




'01 2500 




8 




•40 


^H 


^1 




•016667 




9 




■45 


^H 


^H 




•018750 




10 




'SO 


^H 


H 




■020833 




rr 




•S5 


^H 


H 




•025000 




12 




'60 


^H 


H ^ 




'0^23167 




13 




•6S 


^H 


^^^^ 




■031250 
■033333 




^6 




■70 
•75 


H 


^^^9 




-037500 




16 




■80 


^^1 


^M 




■041667 




17 




•Sfi 


^H 


^H io| 




■043750 




18 




•90 


^H 


^H 




•045^33 




19 




515 


J 
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W WthSVBX^ « 


^M 


L 


4, McfLTiPLiEas roB CoirvERTDro Bamsn 


AJTD FhEUCH 


^u 




MeA£ 


URE& 






A^Mett« 


B.— Fe«t 


C^MIUJmetrea 


D.— Inclies 


^^^^^^^^B 


Inio 


tnw 


into 


into 


^^^^PP 


Fwfc 


MetTH 


loduis. 


MmimotPM, 


1 


3*2809 


0-3048 


■03937 


25*400 


3 


65618 


o-6og6 


■07874 


50 "7 99 


3 


5'84a7 


0-9144 


*ji8it 


76-199 


4 


I3I236 


1*2192 


-15748 


101-598 


5 


16-4045 


15240 


'19685 


126*998 


6 


196854 


1-8283 


■23622 


IS2-397 


7 


22-9663 


5-1336 


'27560 


177-797 


8 


26*2473 


a+384 


•31497 


203-196 


9 


29-5281 


2-7432 


■35434 


228-596 


lO' 


32*8090 


3-0479 


•39371 


253-995 


■ 


K— Squkre Metres 

Into 


F.— Sqnam Feet 
into 


G.— Stjuara H 
Mtnimetrea into 


.—Square luclil 
Inlo Sqq»ra 




Square Feet 


Sqnure Metres, 


Sqwre Inches, 


MjlllmetrtK, 


I 


10764 


■0929 


■0015501 


64514 


a 


31529 


•1858 


-0031001 


1290-27 


3 


32-293 


•2787 


•0046502 


1 935 "4 T 


4 


43-057 


'37^6 


'0062002 


258o'S5 


5 


S3-S2I 


'4645 


■0077503 


3325-68 


6 


64-586 


■S574 


■0093004 


3870-82 


7 


75-350 


-6503 


'0108504 


4515-96 


8 


86'ii4 


7432 


■0124005 


5161-10 


9 


96-879 


■8361 


•0139505 


5806-23 


lO 


107-643 


-9290 


*oi55oo6 


6451-37 


^^H 


I'^Ciibtc Metres 


J.— Cubic Feat 


E.-CDbIC MUllmetrM 


Il—OhWa InuhM 


^^^^^ 


into 


into 


into 


liitg 


^^^ 


Cubic Feet, 


Obbiu Matrefc 


Cnbiu Inches, 


Cable Millimelreii 


1 


35'3i7 


■028315 


■00006103 


16836 


1 


7°-633 


-056631 


-00012205 


33672 


^_. 3 


105-950 


■084946 


■00018308 


50508 


^B * 


141-366 


•I1336I 


■000244 1 1 


67344 


^^^ 5 


176-583 


•I4I577 


•00030514 


84180 


1 ^ 


211-900 


•169893 


■00036616 


IOIO16 


i 7 


247-216 


■198207 


■00042719 


I 17852 


1 ^ 


282-533 


■226522 


*000^8B22 


T3468S 


1 ^ 


3i7'S+9 


■254838 


•00054324 


151524 


P ro 


353-166 


•383153 


'00061027 


168360 



w^ 
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^m MuLTI?UE1l9 


FOB Converting BErrisa asp Fkopcb 


m 


H 


MzASUEES — ctmiintt^ 




^^M 


^H H.— Orammea 


a.—GnioM 




P.— U* 


^^^1 


^H 


intjj 


ana 


itjio 


^^^^^^1 


^^B QTainH, 


QTajninca 


Jim. 


impgTVPm^^ 


^^^^M 


V 15*4323 


'06480 


2-3046 


0-4536 


^^H 


» 308647 


'12960 


4-409* 


0-9072 


3 ^H 


^■3 46-2970 


•19440 


6-6139 


1 "j6o8 


3 1 


H^ 61-7294 


'25920 


8-8185 


i'8i44 


4 ■ 


^K 77-1617 


•3=399 


11-0231 


2-2680 


s H 


^r 92 '594 1 


'38879 


13-2277 


2-7*16 


6 ■ 


^B[ 108-0264 


■45359 


15-4323 


3-1751 


7 H 


V 123-4588 


'51839 


176370 


3-6387 


8 ■ 


■9 133-891 T 


■5831 9 


19-8416 


4-0823 


9 ■ 


^P 154-3^35 


•64799 


33-0463 


4-5359 


^H 


^H Qi— ToQueanx 


B,— Tona 


&— litm 


T.-a*n«Hi 


A 


^B into 


Into 


InU) 


into 


^^H 


^B Tpos. 


ToabeftOL 


GfJIaiw. 


titJ«. 


^H 


^v^ 0-9842 


I -0160 


0-2202 


4-541 


1 


^V 1-9684 


9-0321 


0*4404 


9083 


1 


■3 2-9526 


30481 


0-6606 


13-623 


3 ■ 


W 393^3 


4-0643 


0-8809 


18164 


4 ■ 


^K 4'92io 


5-0803 


I'lOII 


22-705 


■ 


K ^'^^^^ 


60963 


1-3213 


27 '246 


6 ■ 


■[ 6-8B94 


71123 


1-5415 


31787 


7 ■ 


K ^'^^^is 


8-1284 


I-7617 


36-328 


8 ■ 


^p 3-8579 


91444 


1-9319 


4O-B69 


9 1 


^p 9*8421 


io'i6o5 


3'303li 


45*410 


H 


^H^ '^—KUognunmstivB 




W,— KilammMisii 
on the Square 


X,— Lhs. on the 


fl 


v.— FMt-LbB, 


SoDara Inch intq 
KJlogTBinluem 


^^H 


^H luto 


into 


Millimetre itiUt Lbii. 


^^H 


^H Fwii-Lbs. 


EHognjiimeXtes, 


on tbo 


on tlie Bqilara 
Millimetre. 


s 


R 7*^33 


o'i38»5 


1422 


-000703 


^M 


14-466 
* 21*699 


o'2765i 


2845 


-001406 


^M 


041476 


4267 


'OO2109 


1 


t aS-933 
1 36-166 


0*55301 


5689 


•002812 


H 


o'69i26 


7111 


'0035 1 5 


5 ■ 


- 43'399 
' 50632 


0-82953 


8534 


-004219 


6 ■ 


0*96777 


9956 


'O04922 


7 H 


57-865 


I -10602 


11378 


•005635 


8 ■ 


^l 65098 


i'24428 


J 280 1 


•006328 


9 ^M 


' 7^33' 


1-38253 
I 


14^33 


•oo';c):i\ 


( ■ 
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KEASUBES. 



MULTIPLIEES FOB CONVERTING BRITISH ASD 'FbESCB 

Measures — continued. 





T.— Kilometrea 


Z.— Miles 


AA.— Hectares 


BR— Acres 






Into 


into 


into 


into 






HUes. 


Eilometrea. 


Acre& 


Hectares 




1 


0*6214 


1*6093 


2*4711 


0*4047 


I 


2 


1*2428 


3*2i86 


4-9423 


0*8093 


2 


3 


1*8641 


4*8280 


7-4134 


1*2140 


3 


4 


2*4855 


6'4373 


9*8846 


1*6187 


4 


5 


3*1069 


8*0466 


12*3557 


2*0234 


5 


6 


37283 


9*6559 


14*8268 


2*4280 


6 


7 


4*3497 


11*2652 


17*2980 


2*8327 


7 


8 


4*9711 


12*8746 


19*7691 


32374 


8 


9 


55924 


14*4839 


22*2403 


3*6420 


9 


lO 


6*2138 


16*0932 


24*7114 


4*0467 


10 




CO.— FranoB 


DD.— £ 


EB.— Francs 


FF.— Pence 






into 


into 


into 


into 






£. 


Franca 


Pence. 


Franca. 




X 


•03965 


25*22 


9*516 


©•10508 


I 


2 


•07930 


50-44 


19033 


0*21017 


3 


3 


•I 1895 


75*66 


28-549 


0-31525 


3 


4 


•15860 


100 -88 


38*065 


0*42033 


4 


5 


•19826 


126*10 


47*581 


0*52542 


5 


6 


•23791 


151*32 


57*098 


0*63050 


6 


7 


•27756 


176-54 


66*614 


073558 


7 


8 


•3172I 


201*76 


76*130 


0*84067 


8 


9 


•35686 


226*98 


85*646 


0*94575 


9. 


lO 


•39651 


252*20 


95*163 


1*05083 


10 



5. Conversion of Velocities. 





A.— Miles 


R— Feet 


C— Knots 


D.— Feet 






per Hoar into 


per Second into 


into 


per Second 






Feet per 


Miles per 


Feet per 


into 






Second. 


Honr. 


Second. 


Bjiots. 




z 


1*467 


0*682 


1*688 


0-593 


I 


a 


2*933 


1*364 


3*376 


1-185 


2 


3 


4*400 


2*045 


5*064 


1*777 


3 


4 


5*867 


2*727 


6*752 


2370 


4 


5 


7*333 


3-409 


8-439 


2*962 


5 


6 


8*800 


4*091 


10*127 


3-555 


6 


7 


10*267 


4*773 


11*815 


4*147 


7 


8 


"733 


5*455 


13*503 


4*740 


8 


A 


13*200 


6136 


15*191 


5*333 


9 




14-66 J 


6*8i8 


16*879 


5925 


10 



\ 
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Ck>irVEBSiON OP Vklocetiks — continued. 



Angolar Velocity. 





B.— Knots into 


F.— Metres per 


G.— TnniB per 


H.— Clrcnlar 






Metres per 
Seoono. 


Second into 


Second into 


Measure into 






Knots. 


Circular Measure. 


Turns per Second. 




T 


0-5144 


1-944 


6-28 


0-159 


I 


3 


1-0288 


3-888 


12-57 


0-318 


2 


3 


1*5432 


5-832 


1885 


0-477 


3 


4 


2-0576 


7.776 


25-13 


0-637 


4 


5 


2-5720 


9-720 


31-42 


0796 


5 


6 


30864 


11-664 


37.70 


0-955 


6 


7 


36008 


13-608 


43-98 


I-II4 


7 


8 


4-1152 


15-552 


50-27 


1-273 


8 


9 


4-6296 


17-496 


5^-55 


1-432 


9 


lO 


5-1440 


19-440 


6283 


1-592 


10 



6. Conversion of Pressures m Atmospheres. 





Lbs. on 


Lbs. on the 


Kilogrammes 


Millimetres 


1 Inches 


Feet 


Atmos- 


i^e 


Square 
Foot 


on the 


of 


of 


of 


pheres. 


Square Inch. 


Square Metre. 


Mercury. 


Mercury. 


Water. 


I 


14-7 


2I16 


10333 


760 


29.922 


33-9 


2 


29-4 


4233 


20666 


1520 


59-844 


67-8 


3 


44-1 


6349 


30999 


2280 


89765 


IOI-7 


4 


58-8 


8465 


41332 


3040 


1x9-687 


135-6 


5 


73-5 


1058 1 


51665 


3800 


149.609 


169-5 


6 


88-2 


12698 


61998 


4560 


179531 


2034 


7 


102-9 


I4814 


72331 


5320 


209-453 


237-3 


8 


117-6 


16930 


82664 


6080 


239-374 


271-2 


9 


132-3 


19047 


92997 


6840 


269-296 


305-1 


10 


147-0 


2I163 


103330 


7600 


299-218 


3390 
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PART III 



EULES m ENGINEERING GEOBESY. 



IsCriOlf L — EtJLES BEPEMDING ON TilE DlMfiSSlONS iND FlGUBE 

OF THE Earth, - 



1. 



(accoiiding to Captaiu Clarke 



h<k PrluctpBl Ikla»enBl«N ^aCCO 
feTnoirs of tlb6 Royal AsironoTnical Society ^ Vol. xxix.) — Longitude 
the eartVa greater equatorial axis, about li"' east of Greenwich. 
Ijongitude of the earth's lesser equatorial axis, about 76"^ west of 
Jreenwick 

Feet HotTQEL 

Greater equatorial axis, ...41,853)970 1^,75^,555 

Leaser equatorial axis, 41,842,354 12,753,32a 

Mean equatorial tliameter,..,,....- 4 1,847, 66a 12,754,937 

Polar axis...... ., 4i»7C)7>53*5 12,712,227 

Me«,ii between meau equatoiTal I ^^ ^ ^ o 

diameteratid i^ukraxis, \ 4h7 11, 599 ",733,583 

In the pteaent state of our knowledge, calcukitioos of the earth's 
'dimenBioDS are not to be relied on beyond the fifth figure, 

2, mimiic nf LnUiiido. — Leugth on tiie earth's tiurftice corre- 
spoudiug to a miniite of the mean meridian; 

in feet = 6076 — 31 cos ■ 2 latitude of middle of arc; 

in metres = lSi>2 — 9 4 cos ■ 2 latitude of middle of arc; 
jfohaerving that qoainea of obtuse angles have their signe rever8ed.)t 
These formultB are eorrect, for any meridian, to the nearest foot, 
and to the nearest x^ of a metre, 

3. 3ilntii« of Prime TerUeia (being the great circle perpendicular 
|£o the meridian)^ ^J 

. _ 12314 + length of minute of meridian ^H 

111 ie€t — n — ~ _^__ J ^^m 

3723 + length of minute of meridian ^H 

in metres = 5 • I 

4. RftHBic of i.oii|[itiide.— For its length multipljir the length of 1 
minute of tbe prime vertical by the cosine of tbc latitude. j 

5, EBpiitHKtioB of Table,— The fuUowitig table givesj the resulta j 
of the three preceding rules in feet, correct to the nearest foot, for J 
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BCLES 


IS ENaOTEEMNG GEODEST. 




n 


La,L 


JJlaLoag. 




UiiLLaL 


SDn^Ijit. 


Mln. pr. T. 


SOa-LoDg. 


J 


O^ 


.„ 60S6 . 


.. 6086 . 


-■ 6045 


6107 . 


. 6107 ,. 


., 


.90 


I 


.,. 60S5 . 


.. 60S6 . 


^. 6045 


6107 . 


. <ilq7 .. 


. 107 .- 


.da 


3 


... 6083 . 


.. 6086 . 


.. 6045 


6107 - 


. 6107 .. 


. 213 - 


.3^ 


3 


... 6078 . 


.. 60S6 . 


.. 6045 


6107 . 


. 6107 .. 


. 320 ■• 


.8? 


4 


... 6071 . 


. 6066 . 


.. 6045 


6107 . 


. 6107 .. 


. 4?6 .. 


. 86 


5 


,,, 60^3 . 


, 6086 . 


.. 6045 


6107 . 


. 6107 .. 


. 53^ " 


.85 


6 


... 6053 . 


- 60S7 . 


.. 6046 


6106 ., 


. 6107 .. 


. 638 .. 


.84 


1 


... 6041 . 


. 6087 . 


,. 6046 


6106 . 


. 6107 ,, 


. 744 ,. 


•83 


8 


... 6027 , 


. 6087 . 


.. 6046 


6106 .. 


. 6107 .. 


. 850 .. 


. 82 


9 


... 6oi3 . 


. 6087 . 


.. 6047 


6105 .. 


. 6to6 .. 


■ 955 •• 


. 81 


lO 


... 59?+ . 


. 6087 . 


.. 6047 


6105 ., 


. 6106 .. 


. 1060 ,. 


, 80 


u 


- 5975 ■ 


. 6087 . 


.. 6047 


6105 .. 


. 6106 „ 


. 1 165 .. 


■ 79 


13 


... 5954 ■ 


. 6087 . 


., 6048 


6104 .. 


. 6106 .. 


. 1270 ., 


-78 


13 


• 5931 . 


. 6087 . 


.. 6048 


6104 .. 


. 6106 .. 


. 1374 .- 


• 77 


14 


-. $9^1 . 


. 608S . 


.. 6049 


6103 .. 


. 6106 „ 


■ 1477 ■■ 


-76, 


IS 


.. 5880 . 


. 6088 . 


.. 6049 


6103 .. 


. 6106 .. 


. 1580 .. 


.73 


x6 


.. 585^ ' 


. 6088 . 


.. 6050 


6102 .. 


. 6105 .. 


, 1683 .. 


.7? 


I? 


- 5822 . 


. 6088 . 


.. 6050 


6102 .. 


- 6iog .. 


. 1785 -. 


• 73 


18 


-- 5790 - 


. 6088 . 


■ - 6051 


6101 .. 


- 6105 .. 


. 1887 ,. 


■ ^*J 


19 


" 5757 ■ 


. 6089 . 


.. 6052 


61QO .. 


. 6105 .. 


. 1988 .. 


-7^1 


ao 


.. 5731 " 


. 6089 . 


.. 6052 


6100 .. 


. 6105 .. 


. 2088 .. 


. 70' 


21 


.. 5684 .. 


. 60S9 . 


.. 6053 


6099 .. 


. 6104 .. 


. ai83 .. 


.69 


33 


.. 5646 .. 


. 6089 . 


.. 6054 


6098 .. 


. 6104 •» 


. 3287 .. 




23 


■- 5605 ,. 


. 6089 . 


.. 6054 


6098 .. 


■ 6104 ., 


. 238S .. 


■ ^fl 


24 


.. 55^3 ■• 


. 6090 . 


. 6055 


6097 .. 


. 6to4 ., 


. 2483 -. 


6m 


^S 


.. 5^19 ■■ 


, 6090 . 


. 6056 


6096 ., 


. 6103 .. 


. 3579 -■ 


■ ^9i 


26 


■■ 5474 ■■ 


. 6ot)o . 


. 6057 


6095 .. 


. 6103 „ 


2675 '■ 


64 


27 . 


.. 5427 ■• 


, 6091 . 


. 6058 


fio94 ,. 


. 6103 .. 


3771 .. 


63 


28 


■■ 5378 - 


. 6091 . 


. 6059 


6o()S .. 


. 6103 .. 


2865 .. 


62 


29 . 


" 5327 ■• 


. 6091 . 


. 6060 


6cigs .. 


. 6102 .. 


2958 .. 


61 


30 . 


'. 5275 .- 


. 6093 . 


. 6061 


6091 ., 


. 6103 .. 


305T ■ 


60 


31 • 


.. 5222 .. 


. 6092 . 


. 6061 


6ogi .. 


^103 .. 


3142 .. 


59 


33 . 


.. 5166 .. 


. 6092 . 


. 6062 


6090 .. 


6IQI .. 


3233 " 


58I 


33 • 


.. 5109 .. 


. 6092 . 


. 6063 


6089 .. 


6101 .. 


3323 ." 


sy 


34 ' 


■ ■ 5051 -. 


. 6093 . 


. 6064 


6088 .. 


6101 .. 


3413 - 


5fi 


35 ■ 


- 499' ■- 


. 6og3 . 


. 6065 


6087 .. 


6100 .. 


3499 ■■• 


54 


36 . 


.. 4930 - 


' ^'^93 • 


. 6066 


6086 .. 


6100 „ 


35^6 ■>■ 


54 


37 • 


.. 4867 .. 


. 6094 . 


. 6067 


6085 .. 


6100 .. 


3671 ■■■ 


m 


38 - 


.. 4S02 .. 


. 6094 ., 


. 6068 1 


6084 .. 


6099 .. 


3755 ." 


53 


39 ■ 


.. 4736 -. 


. 6095 .. 


. 6070 


6082 .. 


6ogQ .. 


3838 ... 


St 


40 . 


.. 4669 ,. 


■ ^°9S ■' 


. 6071 


60S I .. 


6098 .„ 


3930 ... 


50 


41 . 


., 4600 .. 


. 6095 .. 


, 6072 


6080 ... 


6098 ... 


4001 ... 


4S 


43 . 


" 4530 .. 


6096 .. 


. 6073 


6079 ... 


6098 ... 


4080 ... 


48 


4S ■ 


.. 4458 .. 


6096 .. 


. 6074 


6078 ... 


6097 ... 


4153 •-■ 


47 


.44 : 


. 43^5 - 


6o()6 .. 


■ 6ot5 


60T1 ... 


6097 ... 


4235 .-■ 


46 


1 


43^1 -■• 


6097 . 


. 6076 


. 60^1 - 


. iiTjll ... 


4S| 


L. 








^^_ 
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ABC OP GBEAT CIRCLE — TKUE AZIJIUTH. 
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P 



6. HOittiilc «f n OrtHt CIk]« In anr AKimntlu — ^-1 Z:imuth h the-' 
angle wtich a given vertical plane traversiDg a atiitioTi makes witt 
the plfltie of the m pridian of that station. Let m denote tlie lengtUi 
of a minute of the meridian, andp the length of a, minute of thai 
prime vertical, at the latitude of the middle of the arc to 
measured; then the length reqmred 



~2' 



p — m, 
^1~ 



COS 2 azimuth; 



ohserving, that when the azimuth exceeds 45°, ihe second term 

of the formula is to he added, instead of subtracted. 

Example I.^In latitude 60"^, required the length in feet of on© 
minute of a great cii-cle on the earth's surface whose azimuth is SO*". 

( JLL^ „ 6102 . 6091 ^ Ijm ^ 6096-5 f.et. 



p — in 

X COS 60° = 



0-5 



2-75 



then 



Product to 136 anhtracted, „ 

Length required, to the nearest foot,.., fi094 feet. 
Example II. — In the same latitude, let the azimuth be 60° 



60° X 2 — 130°, an obtuse angle, whoEie cosine is ~ 
- 120") = - cos GO'' = - O'S. 

i-— — as heforBj ..600G'5 feet. 

(^-^ - 5'i\ X 0-5 (to be added) = 3-75 



Length required, to the nearest foot, 6099 feet. 

6a» ConiHined Arc — Divide the distance between two stations I 
hv the length of a minute on the great circle through them; the J 
quotient will be the contained arc in minutes. 

7. Tf> Anil the True Axltuuth <it a Htatlon-Ijiiie. 

I. By tlie Two greatest Elomjationa of a Clrcumpolar Siar, — - 
Observe the gi*eatest and leaiit horizontal angles made by & star 
near the pole with the station-line when the star 13 at its greatest 
distances east and west of the pole, and take the mean of those 
angles, which is the true asiimutk of the station-line. In the, 
northern hemisphere tho Pole-star, # Ursje Minoris, is the bcjjt. 

This method is seldom practicable with an ordinary theodolite 
as in general one of the observationa must be made by daylight. 

IL B^ equal AliUudes of a Star. — The theodolite being at a 
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Btation in tlie statioD-lioe chosen, measure the horiaoiital angle from 
the station-line to any star which is uot near the highest or lowe^ 
point of its apparent daily course, and take also the altitude of that 
etar. Leave the vertical circle clamped, and let the instruraeut 
renjain undisturbed tintil the star is approaching the ^me ultituci 
at the other side of its apparent circular course. Then, withal 
moving the vertical circle, direct the teleacope towards the atat, 
clamp the vernier-plate, and by the aid of ita tangent-screw follow 
the star iti azinQuth with the cross wirea until it arrives exactly at 
ita former altitude, as h shown by its image coincidiDg with the 
cross wires; then nieaanre the horizontal angle between the neT 
direction of the star and the station-line: the mean between the two 
horizontal angles will be the true azimuth of the station-line,* 

In both the preceding processes it is to be understood that the 
mean of two korisontal uwjl^ means their half-Jium when they are 
at the same aide of the station-line, but their half-iH^erence whea 
they are at opposite aides. 

The second method may be applied to the sun, observing the 
bud'b west limb in the forenoon and east Urab in the afternoon, or 
vies versA; but in that case a correction is required, owing to the 
sun's change of declination. When the san's decHoation is chang- 
ing towards tho I *} { > ^'^^ approximate dii-ection of the meri- 
dian, as found by the method just described, is too far to tl 
{ right 



Tho correction reqiiii*ed is given by the formulajt 



left'} 
chan^fe of sun's declination 



X aec * latitude x 



oosee - angular 



motion of sun between the obaervatious. 

IIL By One greatest ElongcUi(m of a Circumpolar Star. — To mo 
this method, the declination of the atar, and the latitude of til* 
place, should be known. Then 

sin ' azimuth of star at greatest elongation 
— cos ■ declination ^ cos ■ latitude j 

and that azimuth, heing added to or subtracted from the horizontal 
angle between the station-line and the star, when at its g^eat^iist 
elongation (accoi-ding as the atatiou-line lies to the same side of 



* In obaerving at night "with the theodolite, it is necessary to throw, hj 
meaiiB of a lamp and a sisi$il mirror, euough of iiglit into the tube to mate 
the cfoaa wires visible. 

+ At the equinosea, the rate of cbangs of the ^11*9 decHnatiaQ h abfmt 
vajies aearly as the cosine of the son. 




S&MtiOtt, tfe 
Ike et&r, tatA Ae 

mtts stars Iw tfe In if . 

ub thoee i1rr]lnWiiMi mat 






Arietia, .-...-•• ...tj........ 

Ceti, 
Peraei, 



TanhfAldebaran),... I£ 

Anri^e (Cfti>ellft), .,„„ „-„-,. 45 

Orioiiia (Bcte^j^euze),..._...^....« 7 
Gemmoruai (Castor), .,-.,,..►-.,.. ^ 

Caais MiDarie (Procyon), >< S 

liiniinoruin (Follux), ,. , 23 

Leonid (R^fulua), ■. , 12 

Uisfe Magoria. 62 

UfMe Majoris, .........,.,.,„ , 49 

Bootis ( Aj-«tuni«.), 19 

Ophinchi, 12 

lyra (V«Ka), .„ 33 

AfoJc ( Alimir, 

0^ ™ 44 



14 

JO 
U 

» 

37 

2S 
60 

m 
m 

30 

47 



41 




I 



122 



mXTLES IS moSSEE&IXG CiEODEST. 



angie of^MBtte tike tide TepreaeDting the polar distance. Tha 
Kziuiiitlj of the ilBtiaii-lini3 is then to be foand as in Method IIL 

Y, Af tptvLLima te Mtikod hg ob»avin^ eeriiuA 
Start, — In the nottbem liemuphere a, meridiau- 
Uue ma J be £xed approximately by obsen-ing, 
with the aid of a plamlj-line, the instant when 
the Pole^tar A, and the star Alioih (f Ursse 
Majocis), appear in the same Tertical pLaae. The 
Fole-Ktar b marked A iii tig. 36. 

8. Aaifk fceiwecit Tw« atcrMiaM.^^'When two 

points OQ the earth's surface have the same 
latitude, but difiereDt longitudes, the horiasontal 
angle made by their meridians with each other La 
found by the following equaiioa v — 



sin 7j difference of long, -x sin 



I 
ein ^ borizontal angle : 

9. Aatt«««ttiic«i R«inicti»H. — The correctioti for refraction 
always to be subtracted fiTOm an altitude. It may be found in 
8e(X)itd3 approximately by the following formula :■ — 

, Befi'action = 58' x, ootan apparent altitude. 

For more exact information on the subject, see a jjaper by the 
Bev. Dr. £obiai^n in the Transa.ctiQns q/Ufie Hoyal Irish Aca-d^mi/t 
voL six. Tabl^ of Kefraction. are given in ti'eatoBea on 2?avig&- 
tioti, sudh as Raper'a, 

Below aliout 8° or lO^of altitndethe changeable condition of the 
atmosphere makes the correction for refraction veiy uncertain. 

10. nip tf ilie itea-aorizau, in ijeoonds = ,J (height of station in 
feet) X 57 "•4, nearly. 

11. T« And ibe I<atJin<le «f n PInce. 

METHOD I. Bi/ Ae Mean Altitude of a Circumpolar Star. — Take 
the altitudes of a circumpolar star at its upper and lower culmitw* 
tions (which positions are known by ■watching for the instants when 
the altitude id greatest and least). Fi-om each of those a/^/javWiJ 
altitudes snbtitict the correction for refiiaction; the rnean of tliii 
true altitudes thus found ia the latitude of the place. 

Method II. By One Meridian Altitude qf a Star. — Observe the 
meridiKU altitude of a star by watching for the instant when its 
altitude is greatest or least, and subtract the corrections for 
refiiictioii, and also for dip, if necessary. The complement of the 
true altitude ia the s:emth distance Find the declination of the 
star from the Nautical A lina,naa (which is published four years in 
advance.) 

Thett if the star is between the zenith and the equator, 

Latitude = Xenitk distance + Declination; (L) 



FrNDTNG THE LATlTITDa 
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If the star is between the equator and the horizon, 

Latitude =: Zenith distance — Declioatian ; (2.) 

If the star is between the zenith and the elevated poU», 

Latitude ^Declination - — Zenith distance; .(3.) 

If the star is between the elev£|.ted pole and the horizonj, 

Latitude ^ 180" — Declination — Zenith distance; ..-{4.) 

Method IIL By the Suii^a Mendictn Altitude, — In this method 
the final (^Iculation^ from the n\in.*s declination, as found in the 
Nautical Almmioc, and the true altitude of his centre, is the same 
as in Method II. But besides the correction for refraction and 
dip, the altitude requires to be further corrected by subtracting or 
adding the sxnia aemidiameter, according as his up|>er or lower 
limb has been observed, and by adding the eun's parallax, being 
the angle subtended at the suu by the distance between the eai-th'd 
centre and the place of obaerfation. 

To find the correction for parallax, find the sun^B hotisontal 
parallax un the day of observation, from the Nautical AlntafutCf and 
multiply it by the cosine of the altitude of the sun's centi-e. 

(The mean value of the auti'a horizontal parallax is about 8" -6). 

The sun's semi diameter on the day of obaei-vation is to be found 
in the Nmdical Alnvmiac. It varies from 15' iG" to 16' 18". 

The calcukition may be thus set down algebraically— 



I 



f True altitude :s apparent altitude — Dip (if the sea- "l 
< horizon has been observed) — Kefraction ^b buu's > (5.) 
\ semidiam^eter + parallax ;,..,».,....* ...,.,„. J 



Zenith distance ^ 90" — true altitude,. 



(6-) 



Latitude (see Equations 1, 3, 3, 4). 

Equations 1 and 2 are the most frequently applicable to the sun. 
Equation 3 is occasionally applicable between the tropica; and 
Equation 4 relates to observations made at midnight, iu summer, 
in the polar regions. 

12. The ]»iircii<eBGe of latitude of two stations near each other 
js best found by observing the difference of the meridian alti- 
tudes or zenith distances of the same star afi miBu fi-om the two 
statiqUH. 

13. Ta ItfeAAiire a lla*«-Tjtue Tor a Surrejr Aitproxlmntclr, bj 
E^Jiindej. — The stations for the two ends of the base-line should bo 
within sight of each other; not less than about fifty miles apart, if J 
possible, and as nearly a^i poasdhle iu the same meridian^ 
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Take the true azLmnth of the base-line by Rule T ; and, if poRsfl 
take it fi-om both stations, aud take the mean of the results, wJii 
win Vie slightly diflereot 

Take the latitudes of both stations by Evde 11, and the difference 
of their latitudes by Utile 12. The difference should be taken wili 
the ntniust possible itrecision ; the absolute latitudes need not h 
determined so closely. Take the mean or half-sum of thiMf 
ab&iilute latitudes. 

Multiply the difference of latitude by the secant (or divide hj 
the ooeiue) of the azimuth; reduce the angle so found to minuta 
and decimal Abactions of a minute; multiply it by the length co^ 
responding to a tniaute of a great circle in the given mean latitude 
and azimuth (see Rule 6); the product will be the requi»"ed length 
t*f liase, csorrect to about one- 6, 000th part of itself 

Example. — Suppose the data to be as follows ; — 

Mean azimuth,....,..,. „.,,.,,.,,.... 30** 

Mean latitude .,,. 60° 

Difference of latitude,.. 50' 

Then, — 

Difference of latitude _ 50' _ ^7'.7qK 

008 azimuth ~ '66G03 " 

X Length correajtonding to one minute,! 
as already computed in Example 1 of> 6,094 feet, 

Rule 6,.. ...) — ^ 

Length of Ims© required,,..,,..,........... 351,837 feet 

Which is coiTect to the n^reat 60 feet, or thereabouts. 

14. T« B«.dvce itH ElvTBJeil «r Deprcwwd Bn*e to ihe Le' 

«r tfce <!«• — Multiply the base as measui-ed^ by its elevation nboii 
or depression below the sea-lerel, and divide by the eurtb'a mfi 
radius; the quotient ^-ill be the coti^ection, to be subtracted 
the base is elevated, or added if it is depreaaed. (Earth's diC 
radius, accurate enough for the present purpose; 

20,900,000 feet, or 6,370,000 metres.) 
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SCAIES FOR PUtNS AJTD SECl'IOHS. 

Section II. — Scai^es wo& Plans and SEtTWOira. 
1. Plans. 



o[ Scale; 



(1.) 1 iDcb to a mile,. 



(1.) 4 incb» to r tnile,. 
(3') 6 iacbeir to t mile^ . 



^ 



(4,) 6'3B6 india to ■ mile, . 
(3)400 feet to ftAincb,.... 

(6,} 6 dudns to ua Incti,.... 

('•) 15-81 incfa^ to a idUs,, 

(9<) 5 chaina to an iocb, or 
10 iacbea to a oiik, 



FVacdon or 



63,3GD 
1 

1 
10,660 



1 

4,800 



t 

4,752 

1 
4,UO0 
_1_ 
9,960 




Um. 



Scale of tbe emaller OTdnance maps of 
Uritain. Thia Scale is well adajited 
for maps to be lued in explgnng the 
counlrv. 

Smallest acalQ permitted by tbe ntand- 
Ing orden of pArliaroeiit fcr the d«- 
peuited plant of pra]M«ed workiL 

Sra^e of tbe larger ordnnnce maps of 
Great Britain and IreUod. Thb 
tcale, being just large enoa0h to 
ehovF btiildlngs^ road?, and otber 
important obji-cia distinctly in Ibeir 
trua furma and proportioot, and at 
the BBme time aitiall euou^b to 
enable the eje of tba engineer to 
embrace the plan cf a considerable 
extent of country at one view, i» on 
tbe ti-bcile tbe best adapted for the 
Belectioti of lijiea for engineering 
works, and for parliamentary ptitija 
and preliminBry estimatea. 

Decimal scale puosea^g th^ same ad- 
vaniagea; 

Smallest icftle permitted bj the atand- 
ing orders of parUament for "ea- 
iarged plars" of buildings and of 
land within the cnrtilaijo of buildiciijs. 

Scale amweriag the same purpose. 

1 Scales well enited for tbe working 
fiurv^eys nnd land plans of great 
engbieerlng works, aad for en- 
larged parliamentary plana. 

(Scale 8 is that prescribed in the stand- 
ing orders of parliament for "crosa 
Bcctions" of proposed railwa}'^, show- 
ing nlterationfl of roada.) 

Scale of plans of purl of the ordnancQ 
Burvey of Britain, from which the 
maps before me ntianed are retluced. 
Well adapted for land plana of en- 
gin o«ring works and plans of MiatesL 

Scale sailed foi similar purposes. 
Sntallflst scale prescribed by 'i^'"' for 
land or contract plaos in IrelAod. 
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Ordiii&Ty DoEilgnatloD 



(11.) B chaioa to an iDch, . 
(12.) 100 f««t to an inch,. 



{18.) BS feet to an incii, or 
60 inches to a mile, 

(14.) G3'36 inches to a mile,... 

(15.) ii feet to an inch, or ) 
120 indies to a mile, { 

{U.} 126-72 laciies ta a mlle,^ 

(IT.) 30 feet to an inch, 

(18.) 20 feet to m inch, 

(19.) 10 &Bt to on inch, 



Fractloaof 



1 

1 
1,200 

1 
1,056 

1 
1,U(>U 

J_ 

S60 

_l_ 

240 
1. 

lai) 



UM. 



Scale of tbo Tithe Commiasionera^ pluni. 
Suited for the same purpoBeg bm tl* 
atKive. 

Scale suited fur pTan» of towns, when 
not very intricate. 

Seals of ordnance plans of the less in- 
tricately built 10^13% 

Decimal Scale having the same pro- 
perties, . 

Scale of ordnanoe plana of the more 
tiitricately built towns. 

Decimal tcale baving the same pro- 
perties, 



Scales for special purpmes. 



S. Sections. 



OKlJnary I>en.t£i]atlDn 
of Veilji^l Scale. 



(l.)lOOreettaaDmi^b, 



[2,) 40 feel to an inch. 



(3.) 30 feet to nn inch, 
[i.) SO feet to AQ iDch, 



FracHon 
of real 
UergbL 



1,200 



1 

480 



1 
3(i0 

_1_ 
240 



Hori^Dtibtl Ecalea 
with which the 
VerMcal Scale Ih 

usually combined 



to 



15,840 10, 56U 



to 



4,800 3,D60 



' to ' 



3,StiO 2,3/6 
to- 



3,960 2,376 



geratioQ. 



From 
13-2 to 8-8 



10 to 8-25 



11 to 6-6 
16-GtaS-S 



TTaa, 



Smallest scale pfirmit- 
ted by the etandinf^ 
ordera of parti a inent 
far a«clions of ptO'- 
posed works. 

Smallest acale permit- 
ted by the standing 
ordera ofpairliament 
for cross sections, 
sboiTing alteratioiu 
of roads. 

Scales snitable for 
■working 
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Tei-tical sections, on a krge scale f say y— - or t^/Ji and wttftr 
out exaggeratimi, are required at tlie sites of epecial works. 

SzcnaN III. — Rules eelatisq to Surveyikg. 

1. CbaJnrng an a DeelirtiT — RvdnclJvn t9 ibe KitireL — The 

srrection ia always to be subtracted from the distance as luea- 
ired, 

"When the atigle of inclinatioa Baa been measured by a "cliDft- 
meter" or other angular instrument; — Correction in links per 
chain — 100 x versed aine of inclination, 

"When the vertical fall in links for each chain of distance on the lalope 

known :^Oorrection in linka per chain = 100 — s^lO,000 — fall'. 

fall* 
When the slope is gentle : — CorrBction in links per chain = ---^ 

early. 

1a. ExiMLnalon «r Uleaauriiijit Kod> and Chatnii.— -Increase of length 

ly an elevation of temperature of 100^ Cenl — 180' Fahr. ; — ^brass, 

00216; bronze, 000181; copper, 0-001S4; wrought iron and 

Bteel, 0-001 3; caist iron, 0*0011; platinum, 0-0009; glass, 00009; 

diy deal, 0-00043. 

2. To Set Out a Bl^lit AHgla 1>t ibe Chnln. — Choose any two 
numbers; take the sum of their f^quarea, the difference of their 
squares, and twice their product ; those three numbei-s will be pro- 
portional — the first to the hypothenuse, and the other two to the 
two legs of a right-angled triangle, which ia to be set out on the 
ground. 

For example: numbers chosen, 1 and 2; hypothenuae, 2* -I- 1* 
5 ; legs, 2^ — 1 - 3, and 2x2x1 = 4, This is the 
roost generally uscfrtl i*ight-angled triangle. Other 
exam plea; 13, 12, 5; 25, 24, 7; 17, 15, 8; 2% 21, b^-.,^ 
20; &c V'r- 

3. TJe-iiine. — In a chained triangle, ABC, fig, \ j 
7, to find the length of a tie-line, A D, By calcu,- \ ! 

.D=y{^^!:°:^^^i^-BD-cDl "Yt 

Mor by construction, draw the triangle and measure p. „- 
A D on paper. The measurement of A D on the 

jund is a check on the accuracy of the meaauremeat of A B, 
C, CA. 
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Case I. — iVken tfte <^ittaeie atn be chained round. 

'RuiK I. (see fig, Sr.) — A and D being marks, in t 

line at the nearer and further sides of the obstacle, eet out a tmr 

A B C, of any form and sise that will convenientlr eDcl(Hj<e 

obstacle, subject only to the conditions, that fi an 

are to he ranged in one straight liue with D, aa^ 

the angles at B and G ate neither to be veiyil 

nor very obtose. Measure with the chain the hv 

A B, A C, B D, D C, and find the length of A D 

tie-Epe (Article 3.) 

Rule II, (see fig, 38.) — Let A and D be marks at 
Bf^rer and fartlier sides of the otetacle Teaj>ectii 
Kange A B, DC at right angles to the stution-l 
make those perpendiculars equal to e&ch other, am 
Flz; 36. ^^J length that tnny be requisite in order to chain 
the obstacle along B 0, which will be parallel and e 
to A D, the distance required. 

EuLB in. (aee fig. 39.)— Let & and! 

points in the statiou^Iine at the near^ 

j^v further side of the obstacle respectively. I 

■'''■ a convenient station, A^ chaio. the lines 

i Ac, being two sidea of the triangle A 

'^s.^ connect those lines by a line, B C, in 

C^' position which "will fona a well-conditi' 

triangle, ABC, of as large a size i 

practicable : raeasure ita three aides. ^ 

Fig. 39. the inaccessible distance is given by 

formula, 




be- x/Ub^ I A^ (A6^Ac)^-(A6-A.)^ 
*^* V I ^^ (AB + AC)^-(AB-AC)^- 

A C2 - E c^y I 



(AB2 






The same formula applies to such positions of the eoraiectmg 
as B' G" and B" C" as well as to BC. 

If A B and A C can be laid off so aa to be respectively prt 
tional to A & and A c, the triangles ABC and A 6 c bet 
similar, B is parallel to b c, and the inaccessible 



iply 



:BC 



.A6 
AB 



In this method, as well as in the two preceding, the ii 
distance may bo found by plotting. 
Case 1L — Whsn it 'ts im]^{issibk fa chain round the obstc 



StJEVEYIXO. 

XIlle it, (see fig. 40.)- — Let 6 and c be marks 
5m the station-line at the nearer and furtlier sida 
ff tk gap respectively. On tiie nearer side of the 
oljBtacle, range th« atations A aud B in a atiuight 
line -ffitk c, making the angle 6 c B greater than 
■'11^, and place them so that th& intersecting lines 
AA, ]]«j connecting tbeui with two points, a aud 
**, in the station-linCj shall form a pair of triangles, 
ttiC, ABC, with no angle less than 30". Mea- 
sure the sides of those triangles, and eompntti the 
inaccessible distance 6 c as followa : 



6c- 



ab-Ab'BC 




Fig. 40, 



CAaB~A6BCr 

As a check npon tbe position tlins found for the point e, com- 
puttj also the inaccessible distance B c as ibllows : 

ABaBAQ 
^^"Ca'A6 — aBACr 

This probJem. is solved graphically by plotting the figure a 6 
cA B C a, ajid producing a b and A B till they iotei-sect in c. 

Rule V, (see fig. 41.) — When the inaccessible 
fJi^tance B D doea not much exceed thitie or four 
chains. At B set out B C perpendicular to the / 

station-line, and of a length euch aa to make the /'' 
angle at I> not less than 30". At C lunge C A / 
jierpendicular to C D, cutting the station-line in A. 
^^easure A Bj B C; the a 



BD = 



AB* 



F[g. 41, 



When an^idar iriBirumenis are nsed, a gap in a station -line is 
measured by making it one side of a triangle, of which, the angles 
a.nd another aide are given, 

5. zncnanrjn^ Anvam *>( i<aiid>- — Almost all area.") of land are made ' 
■up of parallelograias, trapezoids, and triangles (see Rules at page 
63), with the addition or subtraction of strips contained between 
ati-aight stationdines and irregular bonnrlarii^f? (see Rules for "Any 
^Plane Area," pp, 64 to 67.) For Laud Measures, see p. ^o. 

at^rercHcet t« Aaic* 9t Trigmiomeirr, — The following are the 
lies of trigonometry chiefly used in surveying by angles:— 

For Plane Trianglea; 1, 2, page 53; and sometimes 3 and 4, 

pp. S3, 54) and 6, page 55. 
For Triamjles so large as f.o he sengibly splterical; the rule for 
spheiical excess^, page 55 ^ and the approximate rulea. 



I 

a 



page 



58. 



^ 
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The three angles of eveiy triangle sbould be measured, if posstt 
as ft cheek upou accuracy. 

7. Redvvllvn of AiiKir* m ihe Ceaire cf ihe fltBit«i« Whea 

theodolite camiot lie planted exactly 
station in a trigcnometiical survey, 
has to be placed at a short distance to 
aide of it, the angle actually measaT 
between two objects is reduced to the angle 
which would have been measured haJ the 
theodolite been exactly at the statioD, by a 
correction which ia calculated approsi- 
tnately as follows : — 

In fig. 42, let C be the station, D the 
position of the theodolite, A aud B two objecte; A D B the hori- 
zontal angle between them as measured at D^ A C B the required 
horizontal angle at the station C. 

Measure C D, and the angle A D C j calcnlatfl A and C B 
approximately as if A C B were eqnal to A D B - then 




Fj^. 42. 



ACB = ADB — 20626r.8 C 



W 



sin ADC ainBDC 



AC 



BC 



The above formula ^vea the correction in seconds "when D lies 
to the right of both C A and C B. When it lies to the left of 
OB, fiin B D changes itg Hign; when to the left of G A, an 
ADC changes its sign. 

8. RednctJon at Sexlanl-Anglea tP Ike Eierel.' — To find With I 

reflecting instrument the horizontal angle between two ohjecta thdj 
are not at the same level with the observer's eye. For an approi 
mate method, set up a vertical pole in a line with each object, and 
mejianre the horizontal angle between the poles. For an accurst*' 
method, ineaijurc the angle between the objects themselv^es, and t<* 
take aitiO the angle of altitude or depreaaion of each. Find ttf 
zenith distance of each object by aubtmcting its altitude from, er 
adding its depression to, 90". 

In fig. is, let i-epreaent the obaeirer's station ; O B, C 
directions of the objecte ; B O C the angle betwa 
them ; O D E a horizontal plane j DOB and E 1 
the altitudes of the objects; OA a vertical line, ap*i 
A D E a Epherical stiri'ace. 

Then, in the spherical triangle A B 0, the tUf 
sides are given — viz., A B and B C, the zenith 
„ ° tancea, and B C, the angle between the objects; 

'^" ' the horizontal projection of that angle, being equ 
to the angle A, may be computed by the pi-oper farmula, (f 
fjn^e 57.) 



let D be the station 
ami A, B, C, three 




9. Ik«uvnliiiit|| SlHllvna Alloal.^ — ^Tn fig. 44 
afloat w]iase position is to he determined j 
known fixed objects, or landmarkH, which 
ought imt to he in or near the circumference 
of one cii-cle tntversing D. With a sextant 
(or, better still, with two sextants) measure 
the angleis A D B, B D C ; if practicable aluo, 
with a third sextant, measure the angle 
ADC = ADB + BDC, aaa check on the 
aecaracj of those angles. Tlicn to plot the 
|K>sition of D, let A, B, and C ba shown on 
the plan. From A draw A E, making the 
atij,de C A E = C D B: from G draw C E, 
making the angle A E = A D B, and entting A E in E : 
through the three points A, C, E describe a circle : througli E 
and B draw a straight line cutting the circle in D ; D will be the 
required station, on the plan. 

Or &tf(ierit'ise, — On a piece of tracing paper dmw three straight 
lines radiating from one point, no as to make with each other 
angles equal to A D B and EDO. Lay it on the plan, and 
iihift it about till the three lines traverse A, B> and C reaiMJctively; 
the point from which thej diverge being pricked through on the 
plan, will give the position of D. 

In the instrument called the station-pointer ^ three straight arms 
turning about one centre, and set to make any given angles with 
each other by means of a graduated arc^ answer the purpoae of the 
tluree lines oo the txucdug paper. 



• 



ECTIOIT IV. — RUXES RELA'MNQ TO LeVELLINO ASD SoUNDFNG. 



It Cftrrcctlna for Carrntiire and ftcfmcilon. — The correction for 
the earth's curvature, to be subtracted ft'om the reading of a 
levelling-staff, is found as follows r Divide the square of the dis- 
tance from the level to the staff by the earth's diameter (41,800,000 
I'eet nearly, or 13,740,000 metres nearly). 

Or oC/ienaiss, — Take two-thirds of the square of the distance in 
statute miles for the correction in feet. 

The correction for refraction, to be ciddeii to the reading, is veiy 
Variable and uucertain, On an average it may be takein at one- 
AtkE^f of the correction for curvatvire. 

Correction for curvat!!ii*e and retraction combined, to be mthiracted 
^pi the reading on the staff, — average value about 

I^P s=^^^ — _ — ^r-;— = 0'56 foot X (distance in statute miles)^. 



6* Earth's diam. 
2. EiCreUIng ^J Aanle*.-' 



-This process ia approxitoAte OTiVj. 
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EuLE I, — Find the distance between the two objects -^liosc 
difforencG of level iia requii'fd. 

Jleasure the angle of altitude of the higher object as seen from 
the lower, and (at the same instiiDt, if iw&sible) the angle of depmes- 
si on of the lower object as secTi from the higher. (These are called 
reciprocal tingles,) Take the half sum of thoae angles, and by its 
tangent multiply the horizontal distance between the objects: tk 
product will be their difleienee of level. 

HuLE II. — When one angle only can be taken, it must be cnh 
rected for cutvature add refraction. The correction for curvature 
to be added to altitudes and subtracted from depressions is ojW' 
Jialf of tfi6 contained arc^ which ccmtaijied arc is computed, in 
miuutea, by dividing the borizoutal distancej if io feet, by 6,076, ur, 
if ia Kietrea, by 1,852. The con-action for refraction ia uacertaic: 
but on an average it may be allowed for by diniiniebing the correc- 
tion for curvature by one-sixth of its amount. 

'S. l^ATelUiiK br ihe Haivtiieicr. (Approximate on1y)t — Let tbi) 
quantities ohsei'ved be denoted au Ibllowa : — 

Temperatures of Hia 

Merdiny, by 



StatlOOH, 



at MeriMiTiJil 
COlUtlUL 



' ttttiielied ' 
Tlienuoiueter. 



Ttiermutaenffi , 



Higher, .,h t f 

Lower,.... .....H T T'. 

Then, height of the higher station above the lower, for feet and 
Fahreivheit'a scale, 

= 00360 I log. H — log. A— -000044 (T — <) } - (l + — gg^" *)' 

and for metres and the Centigrade scale, 

= 18400 I log. H-— log. A — -0003 (T — f) I -(l + %-^^\ 

Common logarithms aro used in both fommlBe, 

In the absence of logarithnia, for heights not exceeding abonJ 
3,000 feet, or 1,000 metreSj correct the mercurial column »t ' 
higher station aa follows : — 

,, ,A T — «{Fahr.)\ , /. T — «(Cent.)\ ,, 

difference of level for feet and FaJirenheit's scale, 

3 /' 



= 52438 S^/l^^'^^-^^^ 



U + k'V ' 9S6 

and for metres and the Centigrade scale, 

H~A' 



--o|^-0-^0- 
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133 



1>Tet|l«iK hr thti BoUinic-polat «f Pure Waier« — het boiling- 
pomt = T. Calculate s as follows: for feet aud Faln^iiheit'a scalcj 

H^ « = S17(212° — T) + (212'= — T)2; 

or for metres and the centigrade Bcale, 

tz = 2U (100^ — T) + (100"— T)2; 
e difference of the values of s at two stationa will be their 
diflereuce of level, nearly. 

5. Reduction of Sonni]ing«.^Take th© dLffei-ence between each 
souEiditig: and the height of the surface of the water above the 
datum of the siTrvey at the itistant when the sounding was made, 
as found by a tide register. According as the sounding is the 

J S^ I i^jjg^^ difference ia the l , l >.[ of the bottom \ , > 
I less J ' \ height J \ above J 

tho datura. 

In the absence of direct obsen^^ationa of the tide, the height of 
the surface of the water above the datum may bo calculated approxi- 
mately as follows :— Divide the time before or after high water at 
-wbieh the sounding was taken by the whole duration of the rise or 
fall of the tide, and multiply the quotient by 180°; this gives the 
tidal angle. Multiply the ooaine of the tidal angle by half the 

total rise of the tide ; the product is to be i -uf + fi f [ ^^^ 

height of the mean tide-level above the datum, according as the 

tidal angle is | ^^^^^^ \ ■ (See page 53, line 3.) 

D motion of the nse or fall of tide on an open coast, about 6L 
12iu. In naiTow chajmels the dviration of the rise is leas, and that 
of tbe fall greater. 



t 



Section V. — ^Rules relating to Settikq Out, 



1> ^liliiK Oat C«nv« tilHei of Salltrar Cunrci, 

Rule I. (see fig. 45). — To 
find tbe radiua of a circular 
arc which sball touch auccea- ^ ^>'' 

nively three given straight lines, 
B D, D E, E 0. Measure the 
middle straight line D E, and 
the actiUs angles at T> and £. 
Then 




RtJLE3 IK KNOlHEEaiKa QEOUJSY. 



Hole IL~To find the points of coutact, B, F, C. 

DB-DF = mdiuaxtan-^j EF = E O^mdiuaxtan^. 
^ it 
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^H EuLE III. — To (^Icnlate ibe lengtha of the arcs BFandFO. 

^^^^B B F = radius x circular ine4i9iire of D. 

^^^^H F C ^ radius x circular measure of E. 

^^^^ (Circular measure = aDgle in minutes x 0*0002909 

^P = angle iu degree x 0-017453; 

see also pages 39 and 41.) 

Rule IY.— To calculate the angle subteaded at any station : 
the circiimfereuce of a circle by au arc of that civcla of a giveti 
lengtK ; divide the length of the arc by the j-adi^ia, and niultiiily 
the quotieut by 171S'^73; the product will be the angle at tk 
circumference in minutes ; or, otherwisfij convert the quotient luto 
minutea of angle at the centre, by Table 4 K, |>age 30, and divide 
by 2 for the angle at the circurafereuce. 

If the station Is at one end of the arc, the angle in question is 
that between the tangent and the choiid of the arc, 

BuLE V, — T<j calculate approximately the chord of an arc of ft 

given length in a circle of a 

given radius J from the length 

of the arc subtract the cube 

of that length, divided by 34 

times the square of tlie radiua 

Rule VL— To set o«t a 

circular curve of a given 

radius touching two givea 

straight lines in given points, 

r B, C, fig. 46. 

Y It ia con v^en lent (thoiigh not 

Fig. 46. always necessary) to find the 

middle jjoint of the curve. 

For that pnrpoae, ninge, by means of the theodolite, the line A D 

bisecting the angle at A, where the tangents intersect; and lay olf 

the distance, — 

A D ^ ir ■ f coaoc .- — 1 ) j 





then will D be the middle point of the curve. 

The points B and G (and also D, if marked) should be 
by stakes, distinguished in some way from the ordinary stakeaT 
which are driven all along the centre line of the proposed railwaj 
at e^tial distances of one chaiu;^ or IQO feet, or aorae other unifonu 




RASGIKO CURVES, 



Any one of the pointa B, C, or D will answer as a station for 
tlie tbeodoliUs in ranging the curve. When the length of the cui-ve 
exceeds about half a niilej the middle pointj D, ia the beat station 
as regEtrds accuracy and convenience, 

Tina following is the process of muging the curv'e with the theo- 
dolite planted at its commencement, B : — 

Fot* brevity's sake, the distance between the stakes which mark 
the centre line of the propoaed railway will be called "a chain/' 
whether it ia 66 feet, 100 feet, or a greater distance. 

Let o, in fig. 46, represent the last stake in the portion of the 
straight line immediately preceding the curve j the distance B I 
from the commencement of the curve to the first stake in it will be 
the difference between one chain and o B. The angle at the cir- 
camferenee aubtended hy the arc B 1 having been calcultited by 
Rule IV., is to be laid off by the theodolite from the tangent 
B Aj the zero-point of azimuth being directed towards A. The 
line of colliraation will then point in the proper direction for 
the first .stake in the curve, 1 ; and its proper distance from B 
beiDg laid off by means of the chaiiij its position will be deter- 
mined at once. 

Tlie angles at the circumfeTence subtended by B I + 1 chain, 
B 1 + 3 ciiains, B 1 + 3 chains, &c,, being also calculated and laid 
off from the taugent B A in succession, will respectively give the 
proper directions for the ensuing stakes, 2, 3, 4, ikc, which are 
(it the same time to be placed succesjiively at uniform distances of 
one chain by mean.'?, of the chain. 

The difference between an arc of oue chain and its chord, on any 
curve which us^ually occui-s on railways, is in general too small to 
caijse any perceptible en-or in pmctice, even in a very long 
distance; but shoidd curves occur of u^nusually short radii, calcu- 
late the projier chord by B-ule V., and set it off from each stake 
to the next, instead of one chain, the length of the arc. 

When the curve is i-anged with the theodolite at D, or at any 
other intermiediate point in the curve, or at its termination, C, the 
process is precisely the saiae, except that the zero-point of azimuth 
is to be turned towards B instead of A ; and that when the chain 
pa^es the theodolite station (for example, in going from stake 4 
to stake 5 in fig. 4^, with the theodolite at D), the telescope is to 
be turned ciimpletely over. 

When the iueqnalities of the gi^iund make it impoaaible to range 
the entire curve from the stations B, D, and C, any stake which has 
already been pkiced in a commanding position wiU answer as a 
station for the theodolite. 

The atukea or i>oies, after having been ranged by the theodolite, 
should have their positions finally checked and adjusted by the 
method of office ts, for which see page 137, 



I ffvr ^H 



I 
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KiTLE Til. (see fig. 47). — To set out a circulaf curve of a giFC 
radiua^ Tf toucliLog twg given straight lines, A B, A C, when ti 
jwint of intersection of those lin^ A, : 
inaccessible. 

Chain a straight line, D E^ upon ace 
sible ground, go as to connect the 
tangents. The poaitioii of the tmustwa 
JD E ig arhitrary; but it is convenient i 
to place it that it will cot the propoaed 
curve in two points, which may be deter- 
minedj and used ae thefjdolite atatiotis. 
Measnre the angles A D E, A E D, which may bo denoted by 
D and E. Then tbe angle at A ia 

A = 180° — D-E; 

AD = DE-'!^;AE = DEr-^j 

smA' Bin A 

A A 

DB = r'cotan-r'--A.I>; EC = r 'cotan — — AE: 

and by layiiig off the distances D B and E C as thus calculated, tb 
ends of the curve B and C are raorkedj and it can be ranged " 
either of those stations o.s in Bule VI. 

But it is often convenient to have intermediate points in 
curve for theodolite stations ; and of thoae the pointB of inter 
tion with the tranisverijal H and K, and the point G, inidwaj 
between these, can be found by the following calculationsj in 
ing which a table of squaresi is useful (page 11): — 

Let F be th« point on the ti'anaversal, midway between H and 
If B D = C E, the point F is at the middle of D E. If B D 
C E are unequal, let B D be the greater; then the position of Y\ 
given by either of the two following formulae : — 




^^ DE , BD2-CE2 
D F = — - + — ; 



EF = 



DEED^-CE^. 
2 2DE 



The points H and K are at equal distances on eo^h side of i 
given, by the following formula ; — 

The point O in the curve is found by setting off the ordinatu 
F G perpendicular to D E, of the following lecgth;^ — • 

P G = r - Jj^-F'HK 

The angles subtended at the cm^e of the curve by the 
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tance from C ; shift the pole and the end of the chain through tie 

C E ■ A D 

offset D JE, calculated by the formula, D E = -'^ z-. — . 

■^ iJ nidiua 

Drag the chain onward; lange a pole at F in & straight line 

with and E, and at one chain's diijtance from E; shift the jiok 

aud the tind of tbe chain tbrough the oSsot F G, calculated by the 

formula F G = - — t-. — : leave the pole at G, and repeat the «ame 
radius *^ ^ 

pracesa f^r the rest of the curve. 

Thi- method is clumsy and tedious as a means of ranging curved; 
but it is very useful for teatiDg the unifonnity of curvature of 
curves already rangwl, and for n^etifying the positions of individual 
Btalies to the exteut uf an inch or two. 

Rule X. — To set out a eircula,r curve by siicceasive bisections 
of area. 

Thia is a method to be used only in the absence of angakp 
i rj strum en ts. It deiiends on the following relation between tliu 
veriied &ine of an anffle 6 and that of its half: 



4=i- v/i- 



veixln B 
2 ' 




¥)g. 49. 



To apply thia principle, let 
B A, C A, in fig 49, be the two 
tangents, aikd B aud C the enda 
of the curve, so jJaced that A B 
and A C shall be equal, hut 
leaving the radius to be found by 
calculation. Measure the chord 



BO. 



To find the radius, bisect B C in E, measure A E, and make 

ABBE 
AE 



tadius = 



Calculate the versed sine of the angle A B E = B, which is 
subtended at the centre by one-half of the curve, as follows : — 

AB - BE 



versin B ^ ■ 



AB 



and by means of the first formula of the rule (using a table j 

R B 
sfjuarea, if one is at hand) calculate the veraed ernes of -;j,*7' 

&c.f in BuccessioUj observing that verain E enables one intermediate 

B ~ 

point in the curve to be found, Tetaia „, three points^ verainj 
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enables 2" +i — 1 iu- 



points; and generally, that versia q^ 

Brmediate points in the curve to be found. 

I'rorn the middle, E, of the chord B 0, and perpendicular to it, 
lay off the offset E D = r versin B; D will be the middle point of 
the curve. 

Chain and bisect the cliorda E D, D C, and from their middle 
points, aud pei-pendicular to thenij lay off the offsets 

H K = I L := r vei-sill -^J 

K. and L will be points in the curve, midway respectively between 
B and D, and between D aud ; and ao on until a sufficient 
number of points have been marked by poles. 

Then chain raund the curve as ranged by the poles, and drive 
Ktake;^ at cquiil distances apart. 

The unilornxity of the curvature may be finally checked by 
Euie IX 

2. runt of Rniia «r a Chttc. — Divide the square of the greatest 
ordinary speed of a train by the radius of the curve, aud by a 
divisor whose values ave as follows: — 

For speed in feet per second and radius in feet, 33; 

^—^ For H]>eed in miles per hour and radius in feet, 15; 

H For speed in metres per ssecond and radius in metres, U-8- 

nSlnltiply the quotient by the gauge of the rails; tho product wiO 
be the cant I'ecjuired, in the same aort of measui-e with the gauge. 



k 



British narrow gauge, 
British bi*oad gauge, 
Irish gauge, . 



FL 


la, MetroB, 


4 


8^ = 1435 


7 


= 2-134 


b 


3 - 1-600 



Half of the caut should be given by raising the outer rail above tha 
level of the centre line, and half by depressiug the inner rail, 
mplea of cant in feet for 40 miles an hour; — 




irf. 




4 «i ... 


500 ^ mdius in feet. 


5 3 ... 


5G0 -r- radius in feet 


7 ... 


747 -^ i-adius in feet. 



tionfJ cant for cylindriKil wheels at speeds not exceeding 13 
k^iles an boiir, 600 feet -i- radius in feet 

3. Td Ease Cbnna«" of Cni'Toidre {FroXtdis Method). 
Begin by ranging the centre line as a series of straight lines and 
Circular arcs, by the rules of Article 1 of thia Section. Calculate 
cant of each curve by the rule of Article 2, 
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KuLE L— Conipvite the aevei^ difrngea of cunt at the juncfions 
of curves with atmight liueis aud with each other, obsening that 
the change of cant between a straight line and a curve is Bimply 
the cant of the curve ; that if two adjacent curvea are curved in 
the same direction, the change ifl the difference of cant ; and that if 
they ai-e curved in reverse directions, the clmnge is the sum of tie 
two canta. 

Maltiplj the greatest change oftiant by 300; the product will be 
the length of the curve of adjuatmejit 

Kui£ II. — Compute, for each circular arc of the sericBj the 
an follows : — 

Shift ^ (length, of curve of adjiisftmeEt)* -^ 34 radius. 

Then shift the polea by which & given circular arc is niarked 
inwards (that is, towards the centre of curvature of the arc) through 
the distance computed by the above formula. For e^xamjile, iu 
fig. 50, let A B, B G be a pair of consecutive circular ai-c&, marked 




Fig- So. 



h 



by poles, and joining each other at their point of contact, B. 
B E, B F be the shifts proper to those two area respectively; after 
nil the poles have been shifted, tlipy will mark the arcs I) E, P G, 
having a gap between them at E F, equal to the Bum of the two 
shifts, if the arcs are curved in reverse directions, or the diHorence 
of the ehifta, ii* the arcs are curved in the same direction. Straight 
lines are not to be shifted j so that where a curve joins a etrtilglit 
line, the gap is simply the shift of the curve, 

KuLE III. — Set out the " curve ofatifjustmerii " I H K as follows:— 
For ita middle point bisect the gap E F in H. For its ends I aa^ 
K lay off E I and F K, each equal to half its length, as conipiiied 
by Rule I. For intefraediate points in the division I H lay " 
oi*di nates at right angles from a eeries of points in the circular i 
I E, proportional to the cubes of the diistances from I; and 
intermediate points iu the division K tt lay off ordinates at riglit 
angles from a aeries of points in the circular arc E F, proper tiujuJ 
to the cubes of the distances from K, 

Xret a denote the length I K of the curve of adjnstment; 
4 the gap Jj F, or sum. of the shifts; 



TtASQISG CURVES— BREADTH OF RAILWAY. 



141 



jc, the distance, iuea?iired on the circular arc, of any point 
from I or from K, as the caae may be; 

the ordinate; the a 

ilxAitPLE.^ — A curve of 20 chains radius (= 1,320 feet), witli 
t^nt suited to & speed of 40 miles au hour on a narrow gauge line, 
is to be coDuected irith a straight line. 

Cant (see p. 139) = 500 feet - 1,330 = -3788 foot; 
licngth of curve of adjustment, a ^ •ZJHS x 300 ^ IIS-S feetj 
Shilt for cii-cular arc ^ (I13-6)^ ^ 24 x 1,320 =r "407 foot; 
("As the aixi is to join a straight line, this is abo ^ the gap b,) 

^H A V •407 a-^ 

H Formula for ordinates, y =. ^.g ^ = -OW,001,I1 a*, 

^■KiTLE IT.^ — To connect a circular arc and a straight line, or two 

^OTcular arcs, which do not touch or cat each other, by meaiis of a 

curve of adjustment. Fig. 50 iUustrates the case where two arcs 

curved in revei"se directioQij are to be connected; fig. 51, that in 

"which two arcs curved in the same direction are to be connected. 

Find the fiaif of points at which the arcs or lines to be con- 
nected are aearest to each other. This ia best done by first finding 
two pairs of points at which the 
lines to be connected are at eqnal 
diistances apart; the pair of points 
requii-ed wiJl be midway between 
those two paira of points. Let E 
and F be the fiair of points thus 
found; measure the gap E F, then 
calculate the ludj-leng/h of the curt-e of adjiislment by means of the 
following formula, in which r and / denote the radii of the arcs to 
be conn<*cted ; — ■ 




Tig. 5]. 



Rnl 



EI=FK = y {6EF.(i±;,)}; 



Sign + or — being used in the denominator, according as the 
directions of cm-vature are reverse or similar. If one of the lines 
to be connected ia straight, 1 -;- / is to be made ^ 0; bo that the 

Rfrti-tnula becomes 
EI^FK= V6£F-r. 
he curve of adjustment is now to bo set out by ordinatea, as in 
Bule IIL 

4. Brendtli «r Famailaa «f u IS&ilwnr. — The following ATG ex- 

ampleij : — ■ 



k. 
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Single Line. Namjw 

FL In. 

Qeir space oatude of raD, 4, o 

Heftdof rail........ o 24 

GAUfle,. 4 &k 

Heuof rail,...,. o z| 

Cleu KpacG outiide of rail 4 o 

Least l^readtH of top of baUost ; and l 

kaat width admissible for arcbwaya, > 13 ' i 

&€., traversed by the railway, ) 

Simc^s for aloj^es of ballaat, and ( f^ , < 

benchea teyoad them, on em- i "^f I ^°l 

bankmenta, { ^ ^ ^°i ' 

Total breadth of top of embaiik* | from 17 o | 

nieuts,.. I to 22 o ) 



Double Line. 

Clear space outside of rail, .............. 

Head of rail, . — .,..,,► 

OauG^e 

Head of rail,..,.,.....,-.......... 

Middle space (called the "aiiycef,"). 

He^vd of roil, 

Gan^e....... .....',.... 

Head of rod, 

Clear space owtaide of r^H,......, 



Least breadth of top of ballaat ; and ] 
least width admLgaible for archways, > 
Ac, traversed by the railway.......... J 

Spaces for slopea of baUaat and ( £^^j_ 
trenches beyond them, on em- 
backmeats, ..,,.,....,,..........,.,.. 

Total breadth of top of embank - 
meiita, ............................. 



24 3 



IriqJi 






Ctuuge, 
FL In. 


Ft. la. 


4 

2j 


4 
2I 


5 3^ 


7 c 

2i 


4 


4 



»3 S 15 



4 4 



i3 o 24 7 



zS 4 



4 S 



30 



38 



Additional width at bottoms of cntttngA, from to 9 feet. 

Arches over the milway are seldom mRde of the minimum R( 
shown by the foregoing tables^ except in the case of tnuuels, Brid 
over narrow gauge lines are usually of the following spaus: 

over a single line, from 16 to 18 feetj 
over a double iino, from 28 to 30 feet, 

S. BrcadthK of 9lo|i«« <af Enrtkworh. — Let A denote the OenI 
depth of the piece of earthwork, wli ether cutting or euibankmeii 

3, the ialf-breadtk of ita base, or formation^ 



I 



ITENBURATIOlf OV EARTBTWORK. 

fl, tlie rate of slope of the ettrthwork; tliitt isj a homontjiJ to 1 

vortical ; 
r, the rute of sidelong slope of the natural ground, if liuy ; 

that is, r horizontal to 1 vertical; 
B, the required breadth of the slope of the earthwork. 

Case I, — In gi'ound level aci*o3S, B :;= :? 4. 

Case II. — In ground that slopes away from the base, 



r — 8 \ r/ 
md ihat slopes towards 

r + a \ r/ 

^d that intei^ecta the 1 
be earthwork, 

r — s \r / 



Case TIL- — In ground that slopes towards the base, hut without 
intersecting it ; 



Case IV. — In grouiid that intei^ecta the base between the ceutm 
line and the edge of the earthwork, 




noN VI. — ^IIdle3 relating to Mensuration op EAftra 

WORK. 

fi«cti«niii Areas of Eiuihwarit. — Fig:;. 53, 53, and 5i repre- 

^ n 

G C It 



Ftg. 52. 

it examples of cross-seetwns of ptecoa of earthwork, in each of 
''hieh D E is the bise, A B the 
tnral surface, and T> A. and E B 
B the slopes. 

Figs. 52 and 53 represent ciit- 
•iTjg.-j; to represent enibankmeuts, 
<tnceive them to be turned u{>aide 
•iown, 

_^ Fig. 54 represents a piece of earthwork, of which one sidt*, 
'^ Pi B, is in side cutting, and the other, Q I) A, in embankment. 
The following are the symbola used in the mica: — 



lU 



BULES IK EHGmi:EEmG GEODESY. 




Natural slope of the gromid, r (liorizontal) to 1 (vertical). 

Slope of tlie earthwork, s (horizoDtal) to 1 (vertical). 

Half.breadth of base, I> F — F E = 6. 

Central depth, C F = .. A. 

Area of cross-aectionj , ..A. 

In many raeasnrementa of earthwork having Bectiona mch ^ 
figs, 5:^ and 53, it ia couvenieiit to suppose the slopes f>rodat>ni 
till they meet at S, aiiLd to calculate or measure the foUowIuj 
quantity ;— 

Augiuented depth, C K = A + — ^ Av 



n 

och ^ 
odat>w 



To find k by direct measurement in a, longitudinal eecti 
earthwork, draw a line parallel to the formation line of the work, 

and at the vertical distance -below it iu cuttings, or above itii. 

embankmentg. Depths measured from that Hue to the aur&ecol 
the ground will be augmented depths. 

KuLE I.~Wben the ground is level across; 

A .= triangle A B K - triangle B E K = * /^^ _ ^ 

Or oi/tesncwe,— 

EuLE Ia. 

A = rectangle D G H E + 3 triangle AJ> a = 2bh+iht 

Ilui.E II, — Wlieii the ground has an uniform sidelong dope, iK* 
intei'secting the basej as in fig. 53, 

A = triangle A B K - triangle D E K = -./-^ "''?'- ■ 

BlTLE III, — Ta find the angmented depth in ground level i 
of a cross-aection of earthwork equal to a given croHs-section ii 
long Bloping ground ; take a mean propoi'tional between 
mented degtha tntuiaured from K vertically to the two edges 
B respectively ; that is to say, in fig. 53, imrallel to D E, draw Al 
and B Pj cutting the vertical centre line in M an.d P; then 

jf = J(KMKP); 
and the area may be found by Rule I., as followa : — 

s if 

Rttle IV. — When the ground has a sidelong slope 
the ba^e at Q, iu fig, 54. Let A' be the larger and A" 
division of the croeis-Bection. 

A = triangle QEB = |^^'j 





series of 

lIm) the rules there 
Bui£ IL— Wkn 

ihat page be]ow tike 

The most amjJe 
;he present 
>e measured it to be 
tectioD such as A B K 
I, way a wedge of unifia» 



Let X denote tlw Itog^ 4i^ tfe |i 

Kes of ike auymaUed JtfA € K at 
T 



iToliime ^ X' 









{r^~^* t 



I ^ 15 



^-^-} 



i7a*«u«r 



The last formuU k ipecialljr 
X table of squares. 

When the groimd is len^ Acnsy iht cou^dea* «£ tke ! 
becomes Bimply =; *. 

The quantity in bracketc hj wkkli tfe k9f;tb « i* ^ 
Sihe ni&in aecticwU area. 

if the TneasxiFemeRia. are in &e^ like |*<<wJiiig tnks ^v« 
|imntities in cubic feet. To reduce duse to ealac javds dhrkie 
:>y 33 = 27. 

KuLE III. — When eai'thwork on sidebn^ gnmid oenm oti a 
ihaiT) curve. By the nJm of pRges 141, 143, caleolste tbe haU- 
Dreadths (A L, £ N, fig. 5S) required for the tvo-ilopes; take 
•heir difference, and diyide it by three timea the rtditis of Uie eiirr« ; 
■he quotient ia to be added to or subtracted from 1, acoordiog as 
:he grejiter half-breadth lies from or towards the centre of the 
Surve, The result will be a factor by which the area A B K in 
3g. 53 — thfxt is, the first of the two terms of the formula in Rule IL, 
aage 144 — i^ to be' multiplied. From the product subtract the area 
D £! K; the remainder will be an area modified for currature; 
, pinceed as in Kule I. of this Article. 
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PART IV. 

RULES AKD TABLES RELAriNG TO DISTRIBUTED 
FORCES AND MECHANICAL CENTRES. 

L tiprc^lflc divTitr (as stated at page 103) is tlie ratio of ths ■ 
weigbt of a given bulk of a given substance to the wdgbt of the 
sume bulk of pure water at a standard tempej-atura In Britttin 
tlje standard tempei-ature is 6ji*' Fahr. ^ ].6'*'()7 Cent. In Franis 
it is tlie temperatui-e of the maximum density of water = 3' 
Cent. = 30"- 1 Fahr. 

In rising from Sf^-l Fahr. to 62" Fahr., pure water expaii 
the ratio of 1-001118 to 1; but that difference ia of no conaeqc 
in calculations of sjjecjfic gravity for engineering pui-popos. 

Rule 1. — To iind the apecitic gravity of a solid body that ii 
heavier than water approximately, by experiment Wf«igh it ill 
air, and again weigh it immersed in pui*tt water. DivitJe thr; 
"weight in air by the loss of weight when immei-sed (or huaj/anc^)} 
the quotient wdll be thii s]x?cific gravity. 

Rule II. — When the body ia lighter than -vvatorj weigh it ia 
air; then load it with apiece of a substance heavier than -wdttr, 
and largo enough to make the light body sink, and weigh tbem in 
water together. Also weigh the heavy body separately, in air aii'l 
in watej*. Subtract the buoyancy of the heavy body from the 
buoyancy of the two bodies together j the remainder will he th* 
buoyancy of the light body separately; by whieli its weighting 
ia to be divided as bi^foiie, 

R,ULE III. — To find approximately the specific gravity 
liquid; wt-igh some convenient eolid body in air, iu pare w 
and in the given liquid; divide the buoyancy or losa of wei^nlitil 
the given liqvud by tlie buoyancy in water; the quotient will 
the i-equired specific gravity. 

Rule IV. — To find api>roximately the specific gravity of a 
body that ia soluble in water; ascertain ifcH buoyancy in some liquJ" 
which does not dissolve it, and who3e specific gravity ia kiuiwoi 
divide the weight m air by the buoyancy in that liquid, «fl*' I,"] 
inulti|)ly the quotient by the specific gravity of the liquid. 

The approximate clmractner of all those rules arises from !■ 
not tiikiiig account of the buoyancy due to the piTSSure of tlie 
whether on the body weighed or on the weights ; but for ordiii*!? 
piuctical purposjea tke errux ao occasioned ia immaterial. 






2. The Hwrtev of ai7 Mfaitaixje («« stated at pas^ lOS) it tbe 
Bight of an onit: ofiroliiaBe of it tn naito of via|^t. 

Ilk Brtti{»h meamm lieaTiiMB is laost oo oynri endy tM^Kvmed in 
i. avoirdupoig Co tfe «iiftic yioi/ in f^rsdi nm»iite% in i»Cs^ 

"omTne? to lAe ruj&tV d/ednvBtre. 

Bui£ V. — Giveu^ the specific gravity of a silMtanee; to find its 
savin ess; multiply by tlie btiavineas of initer. 

(In British measures 62'4 Ib^ tD the f;ubic fbot is n^r enoagfa 
V practical purposes; in French lucasiizeB no calcul&tioa is 
^ed, beavineas and spedfic gravity hetng identical.) 

3. The l^eulir of a subettance is either the number of units of 
m^ iu an unit of volume (see page ^^^)i i^ which case it is eqttal 

I the heaviness, — or the ratio of the mass of a given volume of 
le aubstancfi to the mass of an equal volume of water, in which 
«e it is eqnal to the specific gra%-ity. 

In its application to gaxa the tenn ** Density" is often used to 
jiiote the ratio of the heaviness of a given gas to that of air, at 
le same temfjemture and pressure. 

4. Tlic KnEkiHCM of a substance is the nnmber of units of volume 
hich an unit of weight tills; and is the rccipnj&d of tlte heavtae^. 
iee Tuble of Raiiprocals, fiage 11,) 

In British mea-sures bulkiuess i^ most- conveniently expre^ed in 
tbiej^t to the Ih. atmirdupois ; in French measures, in cvdtc dwi- 
latf^ to the kilofftamme. 

Hole VI. — Given, the specific gravity of a substance; to find 
a bulkineas; divide the bulkineas of pure water by the specific 
ravity of the given substance. 

(In British measures 0-01602 cubic foot of pnre water to the Ih. 
i near enough for practical purposes j in French nit^isures the 
uJkiness of pure water is 1.) 

5. EdTeri »f ■ieiii on Bulkiti«H. — Rise of temperature produces 
jpith certain ejtceptions) increas^o of buUdnesa. 

Bulk VI 1, (For perfect ga,Hea).^Givcu, the bulkiness of a 
erfect gas at the temperature of melting ice; to find its bulkinesa 
nder the same pressure at any other temperatuiv; multiply by 
he given temperature, as reckoned from tlie absohde zero (see pagf^ 
05), and divide by the absolute temperature of melting ice (27 4" 
Sent. - 493^-2 Fahr.) 

KuLB VIII. (Approximate rule for water). — Divide the given 
amperature by SOU'' Fahr. or 278° Cent. ; divide 500° Fahr. or 
78* Cent, by the given abmlute temperature; multiply the half- 
um of the quotients by the least bulkiness of water (0-01ti02 cubic 
?e(tto the lb., or I cubic decimetre to the kilograrame); the product 
rill be the required bulkiness nearly enough for practical purfioaes. 

Ex AMPLE, — Given, temperature on couiuwn scalej 212' Fahr. j 
hat is. 212"^ + 46r'2 = G73'-2 Fahr., absolute. 



i 
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1 /G73-3 500 \ , ^ , _ . . ,.,,,, ^^ 
9 \"WMl" "*" fiTq.g j ~ 1'045, ratio in which the bulkines 

ifti 

i 



•m 



incr^iased (the enact ratio is lO'lTTS, bo that the enx^r ib ftl 

0-01602 K 1-045 = 0-01675 cubic foot to the lb.; tulkioeS 
required, nearly 

6l!-425 
^ ^ = 59 '7 Iba. to the cubic foot; oorraspoadiDg hesm 

nearly. 

The fQllqwing are the ra,tea of expansion in bulk, in riaiDg fr 
the freezing point (C Cent or 32' Fahr,) to the boiling point (l 
Cent, or 212^ Fahr.) of some materials :-=~ 

Perfect gases,..,..,..... -©"sSs 

Air at ordinary preaaures, 0-366 

Pure water, ............ .......... 0-04775 

Sea-wator, ordinary^ ...........0-05 

Spirit of wine,...,,...,...,,,... o-iii2 

Hercitiy, 0-018153 

Oil, linseed and olive, t>*o8 

BraaSr'-*>* ..........................0*0065 

Bronze....... .O"oo54 

Copper,.,, .., ,,...,,.,,,,,,. .,,0-0055 

Cast iron, ,.,,,...,...........,.,..,.. 0-0033 

Wrought iron and steel,.... ,....0-0036 

Lead,.., ........0-0057 

Tin,.. ,..«.., „.,,.,.,. o'ood6 

Zinc,....,.....,..................,........q'oo58 

Erick, common, o-oio6 

„ fire,.., ,..,,.....,,,..,,,,.. 0-0015 

Cement, 0-0042 

Glass (average),.. ........0-0027 

Slate,.. .0-0031 

6. Bfliect of pFCAaHve oh Butkiucia m€ ferrcct C}«M!«. — Giv4 

bulkinefis of a perfect gaa at a given temperature and und 
abBolute pre-ssur© of one atmosphere; to find the br 
the same temiieratuiie under any other pressure; divide 
absolute pressure in atmoapheres (see page 115). 

7. Explnnaiion «f the TniiieB. — Table I. is a general tal 
heavinesB in lbs. to the cubic foot for gases, liquids, ant] solids, *i 
of specific gravity for liquids and solids. Table II. gives t 

heavineBa of eartb in lbs, to t\;u^ cubic foot and to tlie ciUho 



LVUV, 
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Pab!e UL gives tfce 
a eahic foot^ »md. ts tfe «iftie yi 
>«ettotbetoo. lUfe lY. givei, 

cabic inch (oolimiB A)'; of « hv 
(column fi); of a rooki i«l » I 
Mttmn C); of a plaie a feat ifw 

toolttinQ F). To fad 4ft ««^ 

"tlie sqnare of tlie diiBBfeK. F«i 
<lncal tube, mnHq^j Ae K^dl^ i 
Hjiuies of 4e «alad» tad m 
- J solid spben^ — >*^*y tike nHAa* i 
rtlie ditUDeter. For ^e vo^ df » ki 
fame number bj 41m fiftM^ee of tk» 



D); 



tf a 



FWa«' 



I. — (Ieb^lal TkBtM or 



<^tA.Tnz. 



I 
I 



3^ at 32°^ FaliE-j, asd i^ler one 

iir,... _ — ^..-.. ,„_.„ <raBo7j8 

Carboek aad, „ .„. . «.^.„ ot3^44 

Hydrogen,-..- .„.^ — .„ . — — €noo^S9t 

Oxygen, „.,„^.,^,„.._^„„..„„ . <rtS9XSl^ 

Nitrogen, ..„.,... .....„,^,. ,-*.*,,.. ,..^-*,— . 0^078596) 

Steam {iSeal% ...,,^ ..„..._ , 0^3502* 

^ttCT vspofiF (ideal]^ -,.. 02093: 

^i^nlphmrt nf riThrni Tiponr pdmiT]^ o-jtsf 

OlefiMitg»%......„ - , ^.„.„ 0-0795 



^^uiDS at 32' Falir. (except Wabv, 
'vUck is taken at 39*-] Faki:}: 

Water, paws, at 39'-!* 

n licit ordLoaij,.. .„...,«., 

Alcohol^ pttre, .,-.,^.,_ 

,, proof ^nt^. ,. ,., 

iSlthef, , 

Mercury ..-.„*„..„„„. — , 

Naphtha,. ....... ,. , 

Oil, Unwed, „„„,.,„..„......,. 

„ olire, _„^,..„., 

„ whale,.. .,..,,. 

1, of tarpeatme, 

^etroleou^ , 




I'OOO 

0791 

0716 

1359^ 
0-B4S 

ow 
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BlSmiBITTED POBOIE& 



Weight Of AcnMo 

fool in 
ItiB, avoirdupcua. 

Solid MiNERAt StjBSTAKcBs, non-metallic : 

Basalt,. 187-3 

Brick, 125 to I3S 

Brickwork, ., ..*... ita 

Chftlfc, , iij to 174 

Claj, ISO 

Coalj anthracite,,.,,,..,...,....., loo 

„ bituminous,.,...,.., , 77*4 to 8d}*9 

Coke, .....62'43 to ro3'6 

Felspar, i62'3 

Flint,..,. 164-3 

Glass, crown, average, .... .. 155 

„ flint, „ 187 

» gieen, „ 169 

„ plate, . „ 169 

Granite, 1 64 to 173 

Gypsum...... i43'6 

Limestone (including marblo), 169 to 175 

„ magnesiaa, 178 

Marl, 100 to iig 

Maaonry, 116 to 144 

Mortar, 105 

Mud, ,...,,,........... 103 

Quartz.......... — ., 165 

Sand (damp), 118 

n (d'-y), ■■■".■- 88-6 

Siindatone, average......... 144, 

„ various kin da, 13010157 

Shale,,..,.. , ,. 163 

Slate,,... i7;3 to i8t 

Trap,... 170 



pure wdtcr = V 



3-00 
2 to 2'l67 

rS 
1-87 to 278 

1-24 to 1-4+ 
I'OQ to i"66 

2'6 

2-5 

37 

37 
2*63 to 275 

27 to 2-8 

1-6 tor's 

i*8s to3'3 

175 

H3 

2H 



2 '08 to Xi 



s-8 to ) 



MiiTALS, solid: 

Braaa, cast, 487 to 524-4 

„ wire,.., 533 

Bronze,,...,.,.,...,.., 534 

Copfter, cast,,. ,. 537 

» sheet, B4SI 

„ hammered, ..,......,,... 556 

Gold,,.,,.. 1186 to 1224 

Iron, cast, various,.,.,, ,,,., 434 to 4^6 

„ average, 444 

IroUf wrough t, various, . . , , \T \ te i^S'j 



7-8 to I 



\g to ij 

7' 
1'i to; 




HEAVIKESa AND SPECIFIC GRATTTT. 



fETALS, solid,^ — eontintted. 

Iron, wrought, average,. 

Lead, ...,„.„, 

Platmumj,,....,.,...,....,, 

H Bilver, ...,. , 

■ steel, 

Tin 

^ ZiuCj... 



Weight or a CDliIo 
foot In 

480 

1311 to 1373 

487 to 493 
456 to 468 
424 to 449 
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firavitf, 
pona WAler = 1. 

7-69 

II-4 

31 to 23 

7 -8 to 79 
7'3 to7'5 
6-8 to 73 



Ash,. 

Bamboo, .„,,..., 

Beech, 

Birch, 

Blue-Gum...... 

Box, ».„. 

Bullet-tree,. 

Cabacalli, .,...,.., 

Cedar of Lebanon,.,..,..,..,... 

I Chestnut, ..,..,, 

K Cowrie, ................ 

^ Ebony, West Indian ,. 

Elm, 

fir: Red Pine, 

»,j Spruce,,.,.,........, 
„ Am mean Yellow Piue,< 

„ Idirch, 

Greenheart, , 

Hawthorn........ 

Hazel, 

Holly, 

Honibeanij 

Laburtiuui,... ..... ........... 

Lancewood, 

Larch. See *'Fir." 

Lignum-Vitse, 

Locust 

Mahogany, Honduras, 

„ Spanish, 

Maple, 
Mora, 



47 
as 

43 
44 "4 

6a 

65-3 
56-3 

33 "4 
36*2 

74-5 

34 

30 to 44 

30 to 44 

29 

3* *" 3S 

57 
54 
4? 

47 

57 

43 to 63 



0753 
04 

0-69 
071 1: 
0-843 

0-96 

J -046 

09 

o'48fi 

o'53S 

°*579 
1-193 

o'S44 

0'4B to 0-7 

0*48 to 07 

046 

0-5 to 0-561 

I'OOI 

0-91 

0-86 
076 
0-76 

0-93 
o'6j5 to i-oi 
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KSTBIBUTKD FOStSft* 



I 



■ 
I 




TihbCr, — eonCinited. 

Otik, £ui>o|>e:aD 

„ AmericaUj, Red,. 

Poon, .„,,,.., ...... 

Saul,. 

Sycamore, .,..,.,,..,.... 

Ttiak, Indian, 

„ African, ..,...., 

Tonka, ... 

Water-Gum, ,. 

Willow, 

Yew,.. 



Weigtat of a euble 

43 to 62 

54 
36 
60 

37 
41 to 55 

61 

62 to 66 

6ag 

as 

5° 



puifrmteT' 



©•69 to 0*99 
0-58 

D'66 to 0-S8 

0-98 

o'99 to 1*0^ 

I'oot 

0"+ 



n, — ^HEAVixEasi OP Easth. 



OnUoFoot 



Cahie Tftfll 



0-b I 



Chalk,... fi-om iij to 174 lbs. from 3160 to 4730 Ha 

Clay, 

Omvel and Sbingle, .... 

Marl, 

Mud, , 

Sand, dry, 

,, damp 

Bhale^..,. 



120 to 135 

goto no 

100 to 119 

I03 

89 
118 
162 



324a to 3645 
2430 to 297a 
2700 to 321a 

2750 

2400 

3190 
4370 



k 



in. — ^HeAVINESS AlTD BUIKHIESS OF KOCE. 



l>ba. In onij Lbs. In one 

Cubic Foot, Cubia TanL 

Basalt,.,.. 1&7 ... 5060 

Chalk, 117 to 174 ... 3160 to 4730 

Felspar,. 162 ... 437o 

Flint, 164 ... 4430 

Granite, 164 to 173 ... 4430 to 4640 

LimeHtone,.,, „,...,.,. 169 to 175 ... 4560 to 4730 

„ magnesian, 178 ... 4810 

Quartz,..,.. 165 ... 445^ 

Sandstone, aT^^erage,.., 144 ,,, 3890 

„ different 1 , ^ ^ . 

ti^js^ I 13a to 157 ... 3510 to 4240 

Shale, j6a ... 4370 

Slat© (Clay), 175 to 181 ... 4720 to 4890 

Trap, 170 ... 4590 




HEAViyESS — CENTRE OF GRAVITY. 



-Cubes, Rods, 

A. 

Cubk 
lactL 



Plates, Bars, asd Spiteres 



R 0. 

Round Sqiiape 

Rod, Ba,r, 

1 ft long 1 rt. X 1 

1 in. aiam. Ln. >( 1 in. 



^ 



Iba. 

rasa, cast, avei-age,... o-apS 

„ wire, 0-308 

Bronzej 0303 

CoiJper, sheet,.,., o^iS 

„ haminered, ... 0-322 
Iron, cast, average, ... 0*257 
Iron, ■wrought, average, 0-278 

Lead, 0*412 

Steel, ttvei^ge, ...,,,,,. o'283 

Tin, average,. 0*267 

Zinc, avemge, .......,,. 0*252 



ibs, 
2 -81 



2-gx 
2-86 
2-99 

3*03 
2-42 
2-62 
3*88 
3-67 

2-38 




8. Cenir« of OniTitT — 9i«ini9iit of WH^yht. — KuLE I. — The centre 



of gravity of a body of uniform, heaviueaa is its centre of magnitud 
a© pages 81 to 88.) 
Rule II, — To fiDtl the moment of a body's weight relatively to 



to™ 



k 



a givea plane qf7twnierUs; multiply the weight by the perpendicular 
distauce of the body's centre of gravity from the given plane. 

Note. — In comparing together or combining the moments of 
weights ■which lie some at one side and some at the other side of a 
plane of momenta, those moments are to be distinguished into 
positive and negative, according to the sides of the plane at whicb 
the inreights lie. 

Rule III. — To find the common centre of gravity of a set of 
detached bodies ; find their several moments relatively to a con- 
venient fijced plane; find the resultant of those momenta by adding 
together, separately, the positive and negative moments, and 
■taking the difference between the two aums, which will be positive 
or negative according as the positive or negative sum ia the greater. 
Divide that resultant moment by the total weight ; the quotient 
wiU be the perpendicular distance of the eommop centi'© of gi-avity 
from the fixed plane ; and its positive or negative sign will show at 
■which side of the plane that centre lies, If necessary, repeat the 
same process for a second and a third fixed plane, so as to deter* 
mine the position of the ret[uired centre completely. The two or 
three planes {as the case may be) are usually taken perpendicular 
to each other. 

Rule IY. — To find the centre of gravity of a body consisting of 
parts of unequal heaviness; find sepirately the centres of thoae 
]»irts, and treat them as detached weights by Ruie III. 
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DI9TnifiUTED FOBCEL 



9, Ilf«iii«Bi •t Invnla niid KadfiiB or GSfraiJoiit— HlTLE X. — ' 

find the moment of incrtm of a LoJy alxtut a given axis; conceive 
the body divided into an indefinite number of small parts; nmltiply 
the maas (or weight) of oach |jaft by the sqnaie of its perpetidiciilar 
distance from the axis; the limit towards which the aum of all 
the [iroduct^ approximatea as the part a become smaller and more 
numerous will be the required moment of inertia. 

El'LE II. — Given, the moment of inertia of a body about an axis 
traversing its ceutre of gnivity in & given direction ; to fincl iU 
motnetit of inertia about another axia paniUct to the first; multiply 
the mass (or weight) of the body by the square of the perpendicular 
distance betwfiien. the two axes, and to the product add the giT&n 
moment of inei'tia. 

Rule III, — Given, the separate momenta of inertia of a set 
of bodies about parallel axes traversing their several centres ot 
gravity; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply th 
mass (or weight) of each body by the square of the perjiendiculflr 
distance of its centre of gravity from the common axis; adJ 
together all the products, and all the Hcpai-ate moments of Inertia; 
the suui will be the combined moment of inertiav 

Rule IV, — To find the square of the radius of gyrcition of n 
body about a given axis; divide the moment of inertia of the Wj" 
about the given axia by the mass (or weight) of the body. 

Rule Y. — Given, the square of the radius of gyration of a hoij 
about an axis traversing ita centre of gravity in a given direction; 
to find the square of the radius of gyration of the eame body about 
another axis parallel to the fir^t; to the given square add tbfl 
square of the perpendicular diatance between the two axea. 



10. — Table op Squares of Radii of Gyration. 




BJIDIUS OF GTKATION — CENTftE OF P£RCDfiSION. 
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Asia 


nAPic.'i.s 


W VT. Circalar eylinder— length 2a, radius r. 


Longitudinal 


T^ 




axis, 2a 


2 


TXL Elliptic cylinder — leiu^h Set, trans- 






verse semi -axes b, c, •." 


Longitudinal 


fi'+c^" 




axis, 2(1 


4 


VI I L HoUow circalar cylinder— length 2a, 






exteuml radiaa r, internal r', 


Laii|Tittidinal 


r'J + r'' 




axis, 2ii 




IX. Hollow circular cylinder, insensibly ' 






thin — leufith 2ei,, radius r, tliickneas 






^r..„„.„„...„... 


Longitudinal 




1 


axi^ 2a 


r' 


X. Cinjular cylinder^ — length 2a, radiua 






*■,,...„..,..-.. 


TrfiuBvorsQ 


r' ft' 




diameter 


T"^-3 


XI. Elliptic cylinder — length 2a, tranei- 






veree scmi-axos 6, c,.. — .,,,,.,, 


TronaveTse 


c* o' 




axis, 2h 


T+3' 


XTL Hollow circular cylinder— length 2a, 






external radina r, internal r', .... 


TranavsTse 


4 ^3 




diameter 


XIIT. HoHow circular cylinder, insenaiWy 






thin— radius r, ijbickjieaa t/r, ......... 


Tranaverae 


2 "*" 3 




diameter 


XIV. Eectangnlar priam — dimensiona '2a, 






2b,2c, 


Axis, 2a 


3 

6 


XV. EhombJc piiam — ^length 2(i, diagonala 




2^ 2c,. - .,.-,. 


Axis, 2a 


XVI. Rhombic prism, as aboTe, 


Diagonal, 26 


6 "'■3 



1 

I 

I 



11. CcifCre »r PcrcnHJon — Gqnl^alcui ^mple Pen.dnlmn'-' 

I. — To find the centre of percussion of 
& ^ven body turning about a. given 
axia. 

In fig, 55, let X X be the given 
axis, aud G the centre of gravity of 
the body. From G let fall G perpen- 
dicular tQ X X. Through G draw G D 
parallel to X X, and equal to the 
na.diiis of gyration of the body about 
the axis G I>. Join C D. Then will 
O E =. C D - J'GWT'CW = tlia 
mdius of gyration of the body about 
X X From D draw D B perpeu-> Fig, 5a. 



-Ht'La 



I 
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UISTRtBUTED KkRCEt, 

dicular to C D, cutting C G produced in B. Then will B 1m ti 
centre of percussion of the body for the axis X X, 

To find B by calculation ; make G B = 

Lr 

C is the centre of percussiou for an axis tm^amng B parallel 
to XX 

KcLfc II. — ^To convert the body into an "equivalent simple 
peijdulum" for the axia X X, or for an axis through B parallel to 
X Xj divide the mass of the body into two parts iuvtrsely 
proportional to G C and G B, and conceive those parts to be 
concentrated at C and B respectively, and rigidly counecb 
together. 

(Let W be the whole ma^, and C and B the two parts] the 



C = 



WGB ^ WGO 



^ ^ ^ ~CB^' J 



CB; 
(The "equivalent simple pendulum" haa the same weight wit 
the given body, and also the same moment of weight, and the same 
tiioment of inertia, with the given body, relatively to an axis in 
tie given direction X X, traversing either C or B.) 

1^. Kqnlralml Ring, nr EquiralcBt Flj-'^whecl. — Wben the gi^Sn 

axis tiuverses the centre of gravity, G, there is no centre of per- 
cussion. The moment of the body's weight is noticing, and its 
moment of inertia is the same as if itf; whole mass were concentrated 
in a ring of a radius equal to the nadiua of gytiitiou of the IxkIt. 
That ring may be called the "eqviivalent ling," or "equivultnt 
fly-wheel" 

13, The Cenfre •f prwMire in a plane surface ia the point 
traversed by the resultant of a pressure that is exerted at that 
surface. 

Rule. — Conceive that upon the pressed surfiice as a base, there 
Btanda a prismatic eolid of a height at each point of that suifaoe 
proportional to the intensity of the pressure (page 103)- the point 
in the pressed surface at the foot of a perpendicular from the centre 
of magnitude of tlie solid (pages 81 to 88) will bo the centre <rf 
pressure. 

The following are particular caaea: — 

I. I7ui(«mi PreMitr*.— When the intensity is uniform, the centre 
of pressui-e is at the centre o/magnittide of the pressed surface. (See 
l^ge 49.) 

II, Vntr^rmlr Tniytng Premmre.— Wben the iutenaity of the 
pressure varies simply aa the perpendicular distance fi-om a given 
axis, the centre of pressure iis at the centre of percuj^on of the 
pressed eurfaee, relatively to that axis (see page 155); the smfiio! 
being regarded as a thin plate of imiform t^icknesa and 

heaviness. 




each of Ab ftflonn^g enmpke th^ gr^a-tiset jttarpemdiaa\MT 
mce of any poiBt«f the faoMBd i$u£&iue frum tbt axii^ is deDoted 
by A; and tii^ of tihe «e0tee «f preerare frois the &sh bj tL 



Futrts «• : 



i 'SclBRMK. 



AXH. 



PoniUelagiSDi, . 

Triajigle, 

Triaiigle, 



S«midrcte or KDn-dli^My... 

Circle or eOipBe^.........^.... 

Hollow i^ctangle, — - 
Dtiter dimensio'D^ fr x i^.^. 

Holloir sqa*Pei A* —> i'*»— 
HoUow ellipfle^ — 

inner dimeosiaiu^ b' x A', ». 
Hollow circle, — 

outer diameter, A,... 

inner diuneter, h'..„.^,.. 



[TSsTon^ on asgle, 

'] mid } taralltil to lilt; 
t ojjjtueitt edge. [ 



Tangent. 

€)&eedge 
of the 



:i 



foster boundaij. 
Do. 

iTan^^etit to 1 
Hat tNit^ > 
bonndazy, ) 



I- 

A tA'— &'A'* 

3'*^fiA 
A M*— ft'* '' 

6A A* 

8'*"'SA- 
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14. The Cnttre •f BMiraacr of s solid wholly or partly immersed 
in a liquid is the centre of gi:avity of the mass of liquid displaced. 
The re^altant pressiire of the liquid on tbe solid is equal to the 
weight of liqttid dispkoed, and is exerted vertically upwards 
through the centre of buoyancy^ 
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EULES RELATING TO THE BALANCE AND STABILITY 
^ OF STRUCTCTKES. 



Section L — Compositigot and Eesolutiow of Eorgks, 



1. The tEeiuIiam af n niBtrlbnlcA Fcirvfv— BtTIE L^To lind tlm-^M^^h^ 
resultant of a body's weight; tind the centre of gravity of the bodt^ (}^ 
(as in page 153); the reaultaiit will be a sitigle force equal »- f^ 
the weight, acting vertically downwards through the centre - of 
gravity. 

KuLE IL— To find thereaultantof a pressure; find tbe centre of 
pressure (as in jtngQ ISG); the resultant will be a single force eqtn^jj/ 
iu amount to the pressure, and acting m the sau^e direction tv-m^^d 
through the ccnti^ of jireasure. (The amo^mi of thw prepsure m 
equal to the area of the pressed gurface, multiplied by the m-ews/* 
intensity of the pressure, and is also equal to the weight of tTjo 
imaginary prismatic solid mentioned in jmge 13(5, Article 13.) Tb< 
mean intengity of an uniformly 'varying pressure is its intensity a 
the <^ntre of magnitude of the pressed surface, (See juiige 49.) 

2. RcBnltimt af P«rc«s at^lln^ Uirouglt Ant; Pvinl. — liULIC III. — 
If the forcea act along o/te /t«e, all in the same direction, their 
resultant ia equal to tlieir aum ; if some act in one direction and 
some in the contrary direction, the t^^sidtant is their algebraical swn; 
that is to say, add togttther Bopamtely the forces which act in the 
two contrary directions respectively; the diflerence of the two 
sums will bo thus amonnt of the resultant, and its diroctiou will be 
the ^uie with that of the forces whose sum is the greater. 

^^1 j^ El'LI: IV. — If the foiTces act along 

^B / ttvo lines, O X, O Y (tig. 5ti). lay off 

^H -^^^^ '^ -^ ^^^ ^ -^ along those lines, to 

^Hl y^ ^""""---w.,.^^ represent the niagnitudes of the 

^^ / _— — ^^^ given forces; tlu-ough A draw A C 

]mnillel to OB; through B draw 
B C parallel to A, and cutting 
A C in C; join O C; the diagonal. 

L" ^^^"""---...^ C will represent the resnltai 

^""^■^ required, in direction and uutgni 




itgni— ^^ 
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3?ormuk for finding the magjiitude of C by (slcuktion : 
0= a/ I A3 + E2 + 3 a • O B cos a O B. I 

Fomiuloe for finding the direction of O C by calculation : 



BinAOC^sinAOB 



OB 



sin E C = Bin A O B 



OA 

00' 



Kin^ Y. — Given, tbo directions of three forces which, balance 
h other, acting in one plane and through ono point; oonatrtict a 
*~iaiigle whose sides make the same angles with each other that 
"*- l^e directions of the forces do ; the proportions of the foi-ces to each 
*"*l;hBr -will be the same with those of the corresponding sides of 
^Ijat triangle. 

To solve the same question by calculation; let A^ B, 0, etaud 
*V>r the magnitudes of the three forces; A O B, B O C, O A, for 
Hie angles between their directions j then 



i 



siDEOC:sinCOA: sin A O B 



A : B : a 



Eacb of those three forces is equal and oppoaite to the resultant 

■^Cjf the other two. 

Rule VI. — To find the resultant of any number (F^, F. 

^ttc, fig. >57) of forces in diflei-ent direc- 

^tions, acting through one pointy O. 

^lommence at the point of application, 

aind constiTict a chain of lines repre- 

stsntuig the forces in magnitude, and 

jiarallL'l to them in direction, (O A = 



^ 



and (I Fj, A B = and Ij Fg, B C = and 



f n, &Ct] 




Let D be the end of that 
chain; join O D, this will j-epreserit the required resultant; and 
I* foiice (Fg) equid and opposite to O D will balance the given 
t>rcfis. 
(This rule is applicable whether the forces act in one plane or in 
difl*erent planes.) 

3. RFBDluiiAD of a Farce inia Inclined CotsponentVi^A siogle 
iree may be resolved into two inclined components in the same 
ilane acting through the same point, or into three inclined coni' 
|ionents acting through the same point but not in the same plane. 

Rule VII. Tioo Components, — In fig 56, page 158, let O C be the 

^iven force, and O X and Y the directions of the required com- 

Jionents. Through C draw C A parallel to O Y, cutting O X in 

, -<^, and C B parallel to O X, cutting Y in B; O A and B 

^^briil be the req[uired components; and two forces respectively 



n 
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Fig. 68, 






equal to and directly oppoBed to tliese ivill lialaiice O C. For tbe 
proportionate maguitude» of the compoTientft, see Article 2 of this 
Wition, Rule V., page 159. 

Huus VIII. Two Mecta ngular CompoTtents. — When tb e directioQi 
of the required components are perpen- 
dicular to each other, let R denote the 
resultant, or force to be resolved; X and 
Y the required components, « and /3 the 
angles which they make respectivelyvrLth 
K. Then 

a « + j8 = 90°; X = R coa* = H ejnj8,' 
Y = E. cos /9 = R fiin *; 
Xa + Y« = R". 

ObBerre that cosines of obtuse angles ara 
negative. (See page 53, line 2.) 

Rule IX Three VofApcmei^, — In. fig, 
68, let O H represent the given force 
which it ia required to resolve into three component forces, acting 
in the lines OX, O Y, Z, which cut O H in one point O, 

Through H dvarw three planes parallel respectively to the planes 
Y O Z, 2 O X, X Y, and_cutt_mg respectively X in A, O Y in 
£, O Z in C Then will U A, U B, O C, represent the component 
forces required. 

Rule X, Thrm Rectangvlar Components.— When the directiona 
of the three requii'ed components are perpendicular to each other, 
let R denote the resultant, or force to be resolved, X, Y, Z, the 
required components, and «, ^, y, the angl^ which they 
tively make with R. Then 

cos ^« + cos ^fi + cna ^y = Ij X = R cos aj 

Y = R coH ^; Z = R cos y; X^ + Y^ + Z^ = R^. 

Observe that cosines of obtuse angles are ne^tive. (See page C3, 
line 2.) 

i. netnltnnt of nmr Nnmlicr vf Inctined Porcem Aciing |fan»iij||i 
«ne Faint. — To Bolve the same question by calculation that is 
solved in Rule YI. by constmction. 

Rule XL {When the forces act in <me pkme.) — Assume any 
two directions at right angles to each other aa axes; resolve each 
force into two components (X, Y) along those axea; take the 
resultants of those components along the two axes separately 
(S X, S Y) ; these will be the rectangiditr compQii^tvts o/iJte r^iUUimi 
forcea \ 



', Z, the 
respeo- 1 



:gi 



003 » = 



2X 



2 Y 

COB j3 = %y— ; <M)8 y — 



md if 8» be the angle which R makes with X, 
2X . 2 Y 

^ULE XII, (When the forces act m different planes). — Asaame 
any three directions at right anglea to each other as ajresj resolve 
each force into three components (X, Y, Z) along thoae axesj tuke 
the resultants of the components along the three axes 3eparat<^lj 
(2 X, S Y, S Z) ; theae will be the recto/ngviar components of the 
resultiitii q/'ctll ifie/orcea; and its magnitude and dii'ection. will be 
givein by the following equations : — 

tB.=A/ !(2Xf + (S.Yf + (SZfX. 
cos 
. Coupiea.— In fig. 59, let F, F, represent a couple of equal, 
parallel, and opposite forces, applied to a rigid body, and not acting 
in the same line ; L, the perpendicular 
distance between their lines of action; 
then F is the Jbrce of the couple, 
L the arm, apatij or leverage; and the 
pi-odnct force x leverage ^ F L, is the 
statical vwinent of the couple, which is 
right or left-handed according as the 
couple tends to turn the rigid body, as 
seen by the qiectator, with or against the hands of a watch, (For 
noeaanres. of statical moment, aee page 1()4, Article 7,) Oouplea of 
the same moment, acting in th(? satue direction, and in the same 
plane or in parallel planes, are equmalenl to each other. 

Rule XIII.— To find the rtsiultant moment of any number of 
couples acting on a rigid body in the same plane, or in parallel 
planes. Take the suma of the right-handed and left-handed 
moments separately; the difference between those sums will be 
the resultant moment, which will be right-handed or left-handed 
t according to the direction of the momenta whose sum is the 
greater. 

IKuLE XIY.^ — To represent the moment of a couple by a single 
line, TTpou any line perpendicular to the plane of the couple, set 
off a length proportional to the moment (O M, fig, 59), in such a 
direction tliat to a spectator looking from towards M, the couple 
. Bhall seem right-handed. The line O M is called the axis of the 
oonple. 

Couples as represented by thoir axes are compounded and 
alvtid Eke single forces, by Rule« I. to XII. of this seetioia. 



Fig, m. 
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Rule XY, — To find the resultrtnt of a single force, F, applied 
to a rigid bciily £tt O, and a couiilf, M, autiug on the same hodj in 

tbe SHme or m a jmiuUel pl&av. 
Cduceive the force, F, to bu 
ahiited in that plane, parallfl 
' to itself, to the left it' the cohjiIp 
is right-handed, to the right 
if the couple is left-hautktl, 
through a distance, A^ ibunJ 
by dividing M by F. Tlic 
Bhifted single force, F acting 
through A, will be the resultaut 
required 




Fig. 60, 



(The cnrabitjation of a single force with a couple acting in a plan* 
perpr^ndicular to the line of action of the force (^Dnot he furtbec 
Bimplified.) 

KuLE XVI. — To n^solve a single force into a single force actiug 
in a different but parallel line, and a couple. In iig. 60, let F he thf 
given force acting in the line E D, and E a given point not in ED. 
Through B conceive a pair of equal and contrar? 
forces to act in a line parallel to E D ; vi/., ■*- F 
equal to F and in the mme direction j and - F 
equal to F and in the contrary directioD; also, 
let fall B A perpendicular to E D. Then the 
original force F acting through A, is resulved 
intcf the equal and ]>arallel force F ticting 
throiTgh B, and the couple of forces F and — F* 
V with the arm A B and moment F x A B ; whitll 

^ couple is right or left-handed accortling as B li» 
to the right or left of F, relatively to a spectator 
looking in the direction towards which F acts. 
F X A B is called ihe mo^ment of the /</rce F 
Tip. 01. relatively to the jyaint B; or relatively to th* 

axis O X ti-avensing B in a direction perpen- 
dicular to the plane of F and A B; or i*elatively to a jAoM 
travei-sing B perpendicularly to A B. 

G. Parallel Forcr*.— RuLE XYII. — To find the resultant of tw» 
parallel forces. The resultant is in the earae plane with, and 
parallel to, the components. It ia their aum or difference accordiug 
lis they act in the Kame or contrary directions^ and in the latter 
case ita direction ia that of the gl^eate^ component. To find its 
line of action by construction, proceed as follows;— Fig. 6^ n^^f*' 
renting the case in which the components act in the same diret'tion, 
fig. 63 that in which they act in contrary directions. Let A D 
und B E be the compoiietits, Join A E and B D, cutting «^f'* 
other in F. In B I) (pToduced in fig. 63), take B G = B ^ 
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iTtingb G drtLW a line parallel to the components; tlits will be 
iha line of taction of the resiilta.nt. To Imd its magnitude by con- 




struction : parallel to A E, draw B C and B H, cutting the line 
of action of the reaultaiit in C and H; C H will represent the 
reaialtant required ; and a force equal and opposite to C H will 
balance A D and B E. 

To fiad the line of action of the resultant by calculation; make 
either 
I an. ADDB ^^ BE DB 

^ ^^ = — CH— ^°"^^ = ^CH~ 

^^HcLE XYIII.^ — "When the two given parallel forces are opposite 
and equalj they form a couple, and have no aiugle reaultant. 

Rule XIJC. — To find the relativ^e pro- 
portions of three parallel forces which balance 
each other, acting in one plane; their lines 
of action being given. Across the three 
lines of action, in any convenient positioa, 
draw a straight line A B, fig. Gi, and ^ \ ^„^^ \ 
meaaiii'e the distances between the jjointa 
TV here it cuts the lines of action. Then 
each force will be pmportional to the dis- 
titnce between the lines of action of the 
other two. The direction of the middle 
force C is contraiy to that of the other two 
ferceUj A and B. Ftg. 64* 

svmbols, let A, B, and C, be the forces; then, 



A + B + C « : AB : B C : C B ■. : C ■. A -B. 
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Eiich of tho three forces is equal and opposite to tUe resultant ( 
the other two ; and each pair of fences are equal and opposite 
the components of the third. Hence thiis rule serves to reaoh 
given force into two parallel compoueats, acting in given, lineia i 
the same plane. 

Rule XX. — To find the relative proportiotis of four paralit'l 
forces which faauiuce each other, not acting 
in one plane; their lines of action being 
given. Conceive a plane to cross the lines ol 
action in any convenient position; aud in 
Gg. Q5 or fig. 66, let A, E, 0, D, neprcaert 
the points where the four lines of action cut 
the plane. Draw tlie six straight lines 
joining those four points by palra. Tben 
the force which acts throngh each jwint will 
be proportional to the area of the ti 
rig. 65. foiTued hy the other three points. 

In fig. 65, the directions of tlie forora j 
A, B, and 0, are the same;, and are contmry to that of the forcej 
D. In fig. 66 the forces at A and D act in one dii*ectiott, 
^ those at B and C in the contrary direction. 

In symbols, 

A + B + C + D = Oj 

BOD:C0AiDAB:ABO 

Fig.e^ i: A : B : C = U 

Each of the four forces is equal and opposite to the r^^ultant of tb? 
other three; and each set of three forces are equal and opposite to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plane. 

Rule XXI. — To End the resultant of any number of painlld 
forces. 

Case I. — When the parallel forces act all in one direction^ tb 
magnitude of their resultant is their sum. Consider the parallel 
forces as detached ■weights, and find the position of the cororaon 
centi-e of gravity of those weights by Part lY , Article 9, Rule III, 
(ptige 153); the line of action of the reaultant will jms& througii 
that centre, 

Caae II. — Wlien the imraUel forces act in two contrary direo- 
tinns. Find separately, as in Case L, the nmgnitudes and line^fif 
action of the resultants of the forces wliich act in the two cotjtruiT 
directions respectively; if those two resultants ai-e unequal, hii 
the final i-esultant by Rule XYII. ; if they aro equal, they fuon 
s couple^ aud have no sinjfle force as a. resultant, 





rriBAjeulAr and Ptflrftonnl 'Frnmca.^A frame cnnBlst 
connected together at their ends by joints "which offer no sensible 
resistance to the turuiag of one bar into a differetit angular 
position relatively to the next, the reaiistance to such turning 
being given by the fixing of tbe farther ends of the bars alone. 
The jioint in a given joint abont wliicli such turning would take 
jdaLce ia called the centrs of resiatajice of the joint; the stitiight 
line joining the centres of resistance at the ends of a bar ia called 
the line of resht^nce of that bar, A bar ia called a strid, or a (ie, 
according as a thrast or a pull ia exerted along ita Hue of resist- 
ance. A figure showing the centres of reisistance and lines of 
resistance aloue may be called the skeleton diayraTR of a fmme. 
When a joint is spoken of as a ]>oiut, ita centre of resistance ia 
meant ; "when & bar is spoken of as a line, ita line of resistance 
is meant. 

When the balance and stability of a frame alone are in question, 
and not ita strength, the load may he treated as if concentrated at 
the centre of resistance ; and if not actually fM> concentrated, the 
"jUowiug rule is to be used : — 

BuLE I.— Given, the actiml load distribnted over a franiej whether i 

ising from external forces or from ita own weight, and the distri- 
>ution of that load; to find the equivalent load concentrated at the 
antrea of resistance of the joints. By the rules of the pret-eJing 

;tion> and of Part IV., find the rcwultant of tbe load on each 
ir; then, by Kule XIX, of the preceding section {page 163), 

solfe each such resultant into two parallel com|>onents acting 
through the centres of iicsistance at the ends of that bar; then 
take the resultants of those components for each joint separately ; 
those resultant!* will form the equivalent load required. 

Rule II. — Given, the load on a frame, and the line or lines of 
resistance of its supports j to find the supporting force or forces, 
coinmence by finding the j-esultant of the whole load by the rulea 
of the preceding section, and of Part IV, 

Case I.— If there ia but one support, its line of resistance must 
coincide with the line of action of the resultant of the whole 
load ; and the suppoi'ting force must be equal and opposite to that 
resultant, 

Case II. — ^When there are two supporta, their lines of resistance 

Uist be in the same plane with the line of action of the resultant 

i, and tnnst either be parallel to it, or, if inclined, cut it iu one 

jint. If pai:allel, use Rule XIX. (page 1G3), or, if inclined, use 

Lvde VII. (page 159) of the precedhig section to resolve the re- 

Bultaut load into two cojnponenta acting along the lines o? tm&^jasKj^ I 
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of tlie supports; the two supporting foi-ces will be equal and 
02i|ii)»ite tu those coiu[)oiieiitH. 

Case III.^ — \Vht?n there ara three supporta, their lines of resist- 
ance must be either parallel to the line of action of the resultant 
ioarl, or must cut it in one point. If jmrallel, use Rule XX. (page 
104), or, if inclined, use Rule IX. (page 160) of the preceding 
Bection, to I'eaolve the iTesultant load into three (:;oniponents aetiii|f 
along the Imea of resistance of the supixirts ; the three siippoi'tbg 
forces will be ecjnal and opposite to those compoDeuts. 

Bemark. — In all the tbllowing rules, those eomponenta of a 
distributed load which, as found by Rtile T,, rest directly on tht; 
Buppoits of the tiamej are underetood to be left out of account ; Rud 
the importing forces are supposed to be determined ejcclmm of 
such pjirta of them as are required in oi-der to austaiu such dirwt 
loadH on the supports. 

EtJLE III. — To distinguish struts from tiei?. In fig. 67, let A 
and B C be the linea of resistance of two bara of a. Imme meeting 

at the joint C. Produce those llt]«! 
beyond C, as shown by CD, C E; 
and draw a line to represent t!i6 
direction of the hiftd at 0. Then, if 
that direction lies between A C pro- 
duced and B C produced, as at I, 
both bars are ties ; if between A 
jii-oduced and C E, as at 3, A C ia a 
tie and B C a strut ; if between A 
and C B, a^ at 3, both bare are atnils; 
if between C A and B C produced, as at 4, A C is a Btmt and B 
a tie. 

Remark as to stability and ioatahility. — A tie is stable, even 
although one or both ends are moTeable. A stmt ia nnstoV 
nnlesa both ends are fixed. A frnme composed altitgether of 
is stable even although flexible. A frame containing strnta ta^ 
be stiffened, so as to fix their poaitionsL 
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Fig. 68. 



Hg. 69. 



Fig. 7U, 



BuLE TV. — GiTen, m a tnangular fmme, loadud and snppofw 
reiidcallf, the skeleton diagvanu (tig. G8), to fimJ tlie I'tlativu M 




FRAUES. 
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portion 8 of the forces actiug in the fmtne. Let A, B, 0, he the 
three hsas, 1^ 2, 3, the tlirce joints. Cojiatnitit the diagram of 
j'oTceHf tig. 6t), as follows: — From any point, O, draw 
O A, B, O C, parallel to tho lines i>f resistatice 
A, B, C, neapectively ; then across thoise three lines 
(haw the vei-tieal line ABC. Then the requited 



proportions are as follows > — 




Locbd 
on 

1 : 2 
C A -. A B 



2 : 3 
BC 



A : B ; 

O A :0 E : 0C| 




and fi-om tliese proportions, if any one of the six 
tbrcea is given, the cither five may be found. 

From O, perpend icnlar to A B C, draw O H, 
This will represent the ftorizonial stress of the fiume, which ia the 
same in each bar. To find this and the other forces by calculation, 
ffom^ the load C A, let a, 6, <;, be the angles of slope of the three 
lines of ledstancej then 

I VI 



tan c 



tan a 



A B = H • (tan » =F tan 6) j B C ^ O H • (tan 6 =1= tan c). 

nil • Jf + I is to be used when the two ) opposite directions 
^ I — J inclinations are in. j the same direction. 

O A = H • Bee a; B = H ■ eec i ; C =. O H ■ sec (?, 

HuxE Y, — Given, in a polygonal frames loaded and supportfiA 
vertically, the skeleton diagram, fig. 70, to find the relative pro- 
portions of the forces. Let A, E, C, D, E be the bars; 1, 3, 3, 4, 5, 
the joints, of which 1, % 3 are loaded, and 4, £>, supported, Con- 
atract the diagram of forces^ fig. 71, as follows: — From any point, 
O, draw radiating lines, O A, O B, C, tfec, parallel respectively to 
the lines of resistance A, B, 0, tkc, in fig. 70. Then draw- a 
vertical line, A D, across the radiating lines. Then, taking the 
whole length, A D, to represent the whole load, the several parts into 
which that length is cut by the lines B, O 0, «kc., will i-epresent 
tho parts of the load whiqh must rest on the several loaded joints 
in order that the fi-ame may be balanced. For example, B C in fig. 
71 rejjresente the part of the load to be apiilied at the joint 3 iu 
fig. 70, where the bai^s B and meet AJao, the parts D E and 
E A into which A D is divided by the line A E, parallel to the 
bar E, which connects the points of support, 4 and 5, in fig. 70, 
represent the supporting forces at those points respectively, Tho 
lengths of the mdiatiug lines O A, ifcc, represent tho stresses alo 
the lines of rosiatance to which they are respectively 2>anilleL 
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From O let fall on A D the perpendicular O H. 
represent the horizontal stress of the fi-ame. 

Keuarks. — ^By ouiittmg from the skeleton diagram, fig. 70, the 
bar E, which connects the points of support, the friitae beMtnea anj 
open Jrama, in which case the supporting forces become tdeiiti^ 
■with the fitrci3scs along the outer bars, A and D, and are ref 
aented b j D O and A in fig. 7 L The obliquity of those foroes 
renders abtUmentii necesisary at 4 and 5^ and not mere vertical 
supports. 

The frairie BhowD in fig. 70 consists chiefly of struts, aod 
therefore unstable unless tlieir ends are fixed by me^ns of BaiUiM 
fitays. If the same figure be inverted, tht; bars which were str 
become ties, and the frame is stable, although flexible. 

Rule VI. — Gi\fen, in a vertically-loaded polygonal frame, the 
load and its distribution, and the iuclinationa of the two outer i&Ji, 
A and D, fig. 70 ; to fiad the incliuations of the remaining loa 
bar», in order that they may be balanced. In fig. 71 di-awava 
tical line, A D, to represent the whole load, and divide it ii 
parts, A Bj B C, ic, to i-^present the parts of that load which 
to be supported at the several loftded Joints. From the ends i 
that lino draw A O and D parallel to the liuea of resistance of . 
the two outer bars, and cutting each other in O ; then dr 
radiating lines, B, C, kc, from O to the points of divisioai 
AD; the»e will he parallel to the liaea of i-esistance who 
inclinations are requii-ed. 

RuLK Til. — Given, in a polygonal frame, vertically loaded, 
total load and the inclinations of the lines of resistance of the f* 
outer bars J to tind the horizontal stress, divide the load by the 
gum of the tangents of those inclinations, if they are conti-ary, «( 
by the difference of those tangents, if the inclinations are similar.. 

Rule VIIL — Given, the skeleton diagram of a, vertically-Ioad 
polygonal frame and the horizontal stress] to find how much of ti 
load is supported between any two bars, multiply the horizont 
stress by the difference of the tangents of the inclinations of tbe 
lines of resistance of those bara, if they slope the same way, or \*J 
the sum of those tangents, if the lines of njsistaoce slope conttuiy 
■ways. 

Kuj^E IX. — From the same data, to find the stress along a given 
bar ; multiply the horizontal stress by the aecant of the inclinatiga 
of the line of i^esistance of that bar. 

2. Braced Frnmc* — Dlelbod «r Trtoiifrte*.— Wlien the ex:teni^ 

forces applied to a frame, alUimigli b.ilancing each other as an 
entire system, are distributed in a manner not consistent with tliis 
equilibrium of each bar separately ; then, in the diagram of forc^ 
upon attempting to construct a scale of loads having its point* "f 
diviaioji on the radiating lines, as in fig. 71, gaps will be left ia 
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Fig. 72. 
intermediate bars, 1, 1 2, 2d, &c., 



lat scale. The lines necpssarj to fill up those gaps will indicate 
the forces to bo supplied by ineana of the reaiatance of traces. 
These may be either struts or ties, connecting two or mote joints 
together. 

The i^sifltance of a brace intrnduees a pair of equal and opposite 
forces, acting along the line of iieaiHtance of the bi^ace, upon the 
pair of joints which it eoimects. 

3, Method of ^ciiouB Appilcdl to Frame**— When a v^rticallf- 
loaded braced frame is 
eo designed that a 
vertical cros;3- section 
of it at any point 
cufcd not more tlifm 
three lines of resi,st- 
HDce, the mdhod of 
geetions may be ap- 
plied ius follows '.■ — ^The 
tipper and lower burs, 
as 1 3, 3 5, &c.^ and 
2, 2 4, 4 6, &c.. in 
fig. 72, may be called 
the BtHngerSf and the 

Rule T. — Given the skeleton ttia grain, and the load at each of 
the joints (1, 2, 3, (fee), to find the stress exerted along any one of 
the stritij^ers (as 3 5). Find the supporting forces by Rule II. of 
the last Article (page 165). Then conceive the frame divided into 
two parts, by a section traversing the joint that is opposite 
the HtJJnger under conaidemtion (for example, the joint 4, opposite 
the stringer 3 a). Take the resultant moment relatively to the 
joint 4 (see preceding section) of all the external forces which act 
on one of those parts. (Tliat is to aay, in the present exanijtle, 
titkei the moment of the supporting force at the joint 0, by 
tnultiplying it by its horizfintid distance from 4; and from that 
monient subtract tlie moments of the several parts of the load 
which act at 1, 2, and 3,) From the joint (4)- opposite the 
btrioger in question, let fall a perpendicular (4 P} ©n, the line of 
resistance of the stiinger (3 5) ;. divide the resultant moment by 
the length of that perpendicular; the qxiotient will be the stress 
Along the atinnger in question. To find whether that stress is 
ihi'ust or tension, consider in which direction the resciltant mo- 
ment tends to turn the part of the frame on which it acts ahtuit 
the joint (4); the stress will he of the kind which resists that 
tendency. (In the example the stiesa is thrust £or the upper 
ptringens, tension for the lower.) 

BULE II. — To find the vertical component of the stress alon^i, 
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stringer, t)>ultii>]y tho whole stress by the difference of level of 
^_ ends of the striugcr, and divide by the length of the stringer. 
^P If the stringer h horizontal, it£ stress has no vei-tictd couifiODeii 
^" The stress of each stringer having been found, the next step 
infl follows :■ — 

Rule III.- — In the aarae case, to find the stress along any one 
the braces (for example, 3 4). Cooceive the franie to be divitJ 
into two parts by & vortical section, S S, tKivetsing the brace ii 
question. Take the resultant of all the external forces which act 
on one of thoae divisious. (That is to aay, in the example siowii, 
from the supporting force at the joint fiubtnict the loada at ti 
joints 1, 2, 3.) With that resultant combine the vertical ooi 
]>0flenta4 (if any) of the stresses along the two stringers cut by 
section (in this case 3 5 and 2 4). The vertical com]»nent of the 
required stress on the brace will be equal and opposite to the AdhI 
resultant found by the preceding processes, and being multiplied 
by the ratio in which the length, of the brace is greater than the 
diflerftuce of level uf it* ends, will give the whole Btress alo: 
I tlio brace, 

^B 4. m.oaded Okiiin*.— KuLE L^Glven the iSgiirc of a loaded chaii 
^B B A D; to find the position of the resultant load on any part 
H it, A Ej and the rdatlve proportions .of the forces acting oti tliat 
^L part of the chain. Draw 

t 



tangents, A F and B P, 
to the chain at the two 
ends of the part in ques- 
tion, cutting each other m 
P; the line of action d 
the i-EBultant load on the 
part A E traverses the 
point P. Also, congtnict 
a triangle (such as B P X)» 
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Fig. 73. 

with its three sides parallel respectively to the two tangents ami 
the resultant load: those three sides will bear to each other the 
relative proportions of the teuaions at A and B^ and the load sop- 
ported between A and B. 

HuLE IL — GiveUj in a t'ej-iii (^///-loaded chain, the total load, 
and the figure in which the chain hangs; to find the distribution 
of the load, and the tension at any point of the chain. Construct 
the diagram of forces, fig. 74, as followa :— Draw a vertical straigbt 
line, C I>, .to represent the total load, and fi'om its ends dniw C 
aad D 0, parallel to two tangents at the points of support of the 
chain, and meeting in Oj those lines will i-epresenfc the tensious 
on the chain at its point of suppoi-t. 

Lot A, in fig. 73, be the lowest point of the chain. la fig. "4 
dj-Hw the hoi'izontail line A^ this, will repruscnt the horiaoaul 



component of tlie tensioD of the chain at eveiy point, and if B be 
parallel to a tangent to the chain at any point Bj A B, in fi^f, 74, 
will repueaeDt the portion of the load, supported between A and B, 
and O U thb tension at B- 

Kl'LE III. — Given, iu a vertically loaded chain, the load and. its 
distiibutiaa ; the paiuts of siispension, C and C (iig. 
75), which points are supposed at the same level, 
a.ud the horizootal tangent, H H', at the lowest 
point of the chain j to construct the figm-e in which 
the chain will hang. By Bule XXI. of the pre- 
ceding section (page 164), iind the resultant load, 
R^ then by liule XIX. of the same section (page 

»163), find the vertical componentss, P a:tid F, of tlie 
two Hupjxirting forces (equal and opposite to two 
parallel component'i of E, tlirough G and 0'). Then^ 
trom the known distribntioa of the load, iind 
the position of a vertical line, A F, dividing the 
total load, R ~ P + F, into two parts equal to the adjacen4 
supporting forces, P and F respectively) the point A, where 




Fig, 74 




Fig, 75, 

that vertical line cuta the horizontal tangent H H', will he the 
ioioest jjoint oj the dmin. Nest, to find the horizontal tension; 






Fig, 7G, 

conceive the chain divided into two par^ by a Tertical plane 
through A F; take the resultant moment, relatively to that plane. 
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of all tlie vertical forces which act on one of those paiis: 
cxampile, of the supporting force P, and of tho>s© partis of the Jo 
Tvliich hang between C and A ; divide that moment by the ^ 
depremsion, F A; the quotient will be the horizontal tensioi 
LuJitly, to find the deprieission, X B, of any other yjoiot, B, of ti 
chain below the level of tlie points of 8Up|jort; conctivc the cba' 
to be divided into two pai-ts by a vei'tictil [jlane throiif;h X £; 
the resultant moment, relatively to that plane, of all the V(!rtic 
forces which act on one of those paits; that is, of the supprtiB 
Ibrce P, and of those parts of the load which hang betweea C i 
B ', divide that reaultiint moment by the horizontal tension ; 
quotient will be the requited depression, X B. 

The resultant tenaions at the points of siijjport are, respectivdjJ 
^ (H2 + P2) and J (H^ + F^), where H denotes the horijwflt 
teistsion. 

A balanced chain, being inverted, g^vea the curve of equ'd^m 
for a rib loaded in the same manner with the chain. The tension 
in the chaLn became thrustH in the rib, 

5. ChalHi 'niik Einad ITnirarHt ■avtst i]»e Sptm, — The aSSUmpticii 

that the load is uniformly distributed over the span of a chuin 
in most cases of suspension bridges, near enough to the truth 
practical purposes. In fig. 76 let B A be a chain so loaded; A, 
its lowest point J D A E, a horizontal tangent at that point; B 
land C, the points of support j B D and E, vertical lines througii 
them. The curve B A is a comaioa parabola, with its vertex at 
A. LetD E = a; BD = ^jl CE = ^gj A D = a:^; AE = a^; 
80 th^t Xf^ + x^ = a. 

Rule I. — Giveii, the elevations^ y^, yj, of the two points of 
support of the chain above its lowest jxfint, and also the horizont^ 
diatanoe, or span, a, between those points of support; it is requireil 
to find the horizontal distances, aj^, k^, of the lowest point from ttw 
two jioiuta of support: also the focal distance, m, of the paraboliu 



a^ = a* 



JVi 



J'Ji+ J 1/2 



: ais = ct * 



J 1^2 



V S'l + <J vi 



m - 



4 ^i + * ^2 + 8 .y^i ^2 



When the points of support ate at the same level. 



Vi = Vi> a?i = tco = gi 



IG 



3^1 



In the latter caae the height y^ — y^ is called the d^imsmon. 
Rule II. — Given, the same data, to find the indications, ij, 
of the chain at the pointa of aupporik 
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tan t.^ = ^-^ 



Syi ^ W.Vi 



i'a. 



tan ia = 



3!/j_ 23^11^2/2. 



^1 t« Aba ^^ 

, irheu tbe points of support are at the same leyel, 
^m ^1 = J/al ^^ h = tan «^ - ~-^. 

^^^TJLE III. — Given, the same data, and the lc»ad, p, per utrit of 
length : required the horkontal tensiou, H, and the tensions, Rj^, E^j, 
ftt the points of support. 



i 



H = 2 p ?n = 



P 






When tlio points of support are at the same level, or that i/^ - y^ 
those equations become 

Hui.E IT. — Given, the sarae data aa in Problem First, to find 
the length of tlie chain, 

^H Calculate the lengths of the arcs A B = »,, and AC = *g, by 
^B the rule» of page 79^ Article S, and add them together. 

Rule V.— Given, the same data, to find, approjdmatelj, the 
email elongiition of the chain d {s^ + s^ required to produce a given 
small depression, d ^, of the lowest point A, and convetselj. 









"When y^ - y^^ this equation becomes 

d y 3 (t 

Be formulEe serve to computo the depression which the middle 
point of a suspension hridge undergoes in consequence of a given 
elongation of the cable or chain, whether caused by heat or by 
tension. 

Rule YI. — To find the pressure on the top of each pier. If the 
chain paaaes over a curved pliite on the top of tho pier called a 
saddfe^ on which it is free to slide, the tension si of the jKirtiona of 
tlio chain ot cable on either side of tlie saddle will b^ onnu^^^V^ 
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equal ; and iu order ttat tbone tensions may compose n ■vwtic 
pntjssure on the pier, their iuclinatioDS must li© equal and ojip 
Let i be the common vahie of tbose inelinationa; R the coiitintJii 
value of the two tenjjiona; then the vertical preasute on the pief j 

Y = 2 R sin t = 2 H tan i = 2px; 

that is, twice tbe weight of the jxniion of the bridge between tbe 
pier m\d the lowest f>oint, A, of tbe chain. 

But if the two divisions of the chain which meet at tbe top of a 
given pier are made fiist to a truck, whicb is supported by rollers ou 
a horizontal cast-iron platfoi'm on the top of the pier, let i, i , ^*f 
the inclinations of tbe two divisions of the chain or cable in oppoaitc 
diiectious, ami B, K', their tensions; then 

R =: H sec i; R' = H sec i'; 
t Y = S sin » + R' ein i' = H (tan i + tan t^ 

6. Tlve Coiennrj- la the curve in wbich an miiform chairi hanga 
when loaded wjtli it* own weight only, or with a load everywhere 
proportional to its own weight. (See fig. 22, page 80, and its 
explanation.) 

Rule I. — Given, in fig. 77, the catenary A B, and its dirpctnK 
O X, and the weight of an \init of length ui* 
the chain ; to find the hoidzontul tension. 
Multiply tbe parameter O A by the weiglit 
of an unit of length of chain. 

Rule II,— To find the tension at any 
point, B, of tbe chain. Multiply the beiglit 
of the ordinate X E from tbe directrix t(» 
the given point, by the weight of an unit of 
length of chain. 

7. A Caicnarian Kib is of the figure of a catenary inverted, tie 
directHx being above tbe cur^e, and the cui-ve concave downwards, 
To represent it, conceive fig. 77 to be turneil upside down. It is* 
the form of equilibrium for an arched rib loaded in such a niantitT 
that the load on any m"c, A B, is proportioual to tbe ffj-ea, O A BX, 
of the spandril, or space between the rib and its directrix. 

Rule I. — Given, a catenarian rib and its directrix, and tlie 
weight of load corresponding to aa nnit of ai-ea of spandril; to fiml 
the horizontal thrust. Multiply the Bquare of the parameter OA 
by the load per unit of area. 

Rule II. — To find tbe thrust at any point, B, of the rib. Md' 
ti])ly together the parameter O A, the oi-dinatti X B, and the load 
per unit of area. 

A Trnnafamied Cntennrinn Klb ia a CUrVQ ailell aS a & in Sg, 7" 

turned upside down), which cui've is sc 



I 





CATn^fAItTAB" RIES. 



175 



tfi the common catenaiy, A B, that tlie orrli nates dra-wn to it from 
the directi'ix, X, of both curves, such as Oa and Xt, bear every~ 
where a constsiot pmportion to the con'eaponiiiiig ordinategj Eucb 
as O A and X E, of the comraon catenary; or, in aymbola^ 



y 


Xi 


Oa 


a 












= consjtant. 


V 


XB 


A 


7« 





A traTisformed catenary ia a form of equilibrium for an arched rih 
L>aded in such a manner thtit thu load on any ai-c, a 6, la propor- 
tional to the area of spandril, a & X 

Rule 111, — GiveUj in a tranaformed catenary, the least ordinate, 
O A = tt; any other ordinate, X B = yj and the half-span, or 
distance between them, X = a:; to find the parameter, O A = m, 
of the correspond! ing common catenary. Use the following formula ; 
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= a:^hyp.log. (I' + y^^^-l). 

(For hyperbolic logarithms, see page 38. For squares and square 
iLrtjts, see page 11.) 

Rule YV. — ^In a tranjrfbnned catenarian rih under a given load 
per unit of area of spandril, to tiud the horizontal thrust; multi|tly 
the square of the parameter A (found by Rule 111.) by the load 
per unit of area of spandril. 

Rule V. — To find the thrust along the rib at any point, Bj let 
H denote the horizontal thrust; P, the vertical load corresponding 
to the area of spandril, « 6 X; T, the required thi-UiSt; thmi 

Rule YL — To find the radiui? of curvature of a tranafomied 
catenaiy at ita vertex or crown, a; divide the square of the paru- 
meter, O A, l>y the leaat ordinate, Oct. 

(The radius of curvature of a common catenary at its vertex, A, 
ia equal to the parunjotcr, A) 
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To interpolate the ordinate, y r±: w, oorrespondiBg to an ist 
mediate half-span* a; ^±z w, when "^ corresponds to ^ in the tal 
make 



M 



y=^ 






This compiitatioii ia to be peiformed by addition to the tiumber 
next below iu th5 tables or by subtraction from tiie nnmber oei^ 
above, according as the intermediate half-spaii lies nearer to the i 
next below it or to that next above it. 

8. tH'uifvrmtT Fnvtaed ii*ap».^Tbe stress on a hoop is tension if 
it is pressed from with in j thrust if it i& pressed from witbuut. IL 
the pressure is nniformj of equal intensity in all directions, a\ 
normal to the hoop, the form of equilibrium of the hoop is a ciit 
If the pressure ia compounded t»f two tinitbrm pressures in directi( 
at ri^'ht-anglea to each other, of different intensities, that form] 
an fllipae. 

EuLE I.^To find the stress on a circular hoop- multiply t! 
pressure per unit of length of the hoop by the radius of the hoop. 

KULE II, — To find the lutio of the greater and lesser axes of ail 
equilibrated elliptic hoop, subjected to two uniform pressiirea rif 
different intensities in dii'eetiona perpendicuhir to each other; ex- 
tract the square root of the ratio of the intenBitiea of the preasim-a. 
^K The greater axis will lie in the direction of the more intense pressure. 
^^ Rule III.^ — To find the stress on an equilibrated elliptic hoop 
•■ at the end of one of its axes; multiply half the length of that axis 

J by the preiiaure per unit of length in a direction peipendictikr 

^K to it. 

^1 9. A iiTdroBtni.fe Rib is adapted to bear a. preasiii'o which, Uke 
that of a liquid, ia everywhere normal to the rib, and whichj ^ 

y 

^H any point, C, has an intensity proportional to the depth of spjindril. 

^V C Y, between the rib and ita honzontal directi-ix, Y O Y, Th* 

radius of curvatui-e at each point, such aa C^ is inversely proporticDul 

Q the depth of sijandril, 



Fig. 
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le total thrust at every point of & hydrostatic rib is tmiform, 
and is equal to the load on the balf-iib A B. 

In what followfl, the rib is supposed to spring verticaJlj from its 
abutments, at B, B. 

Rule I. — GiveUj the half-span, F B = c, and the viae, F A — a, 
of a bydiustatic lib ; to find the proper depth of load at the crown, 
A O ^ /*, approsdmateli/. 

^H iSlake 6 ;= c + ^^r — ; then A ;= ^ ^ nearly. 

P 



liBuiiE II. — To find the area of spandril correapondLng to the 

T 

Buiiorm thrust along the rib ; call that area -, in which T repre- 
sents the thrust, and w the loud per unit of area of Bpaudril; theu 
T «2 

III. — To calculate the thrust; being also the load on 
rib. 






T = ^(f + «4 



ttJLE rV-^To find the radius of curvature at a point where 
the dt;]ith of spaudrilj Y C = a;, ia jB;iveii ; divide the area found bj 
Rule II. by the depth of spandrii; that is to say, let r be the 
I gad ius of curyature at Cj then 

^Prhe radii of curvature at the crown^ A, and springing, B, are aa 
follows : 

At A, ro = ~^-, ; at B, r^ = 



2 k ' ' ^ 2 (a + h) 



fA sufficient number of radii having been computed, the figi.n'e of 
e rib may be constructed to any required degi-ee of approximation 
by drawing a aeries of short circular arcs. 

Rule V. — To dmw, approximately, the figure of a hydrostatic 
rib with thrw radii only. By Rule IY,, find the radii of curva- 
ture, Tq, t-j, at the crown and springing. From the crown, A, 
draw vertically A C =; r^,; and from the springing, B, draw 
horiKontidly B D = t'y C and D will be the centres of curvature 
for the crown and springing respectively. 

About D, with the radius DE=rA — BB^ describe a circular 
LftFc, and about 0, with the radius C E = G F, deMit\\it ^isik^'' 

h ; .. 



r 
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circular arcj, let E he the point of intersection of those arc*; tit* 
will be a tliifd ct^utie; aud two iwore centres will be ainiiliu'ly 
situated to D and E with resjtect to the other half- rib. 

IThf u abuut C, with the radius C A^ draw tie 
-T. circular arc A G till it cuts C E jToduced in G; 
y^ ' ^ about E, with the radius E G = F A, draw tlia 
jj-/^ \ cii^cular arc G H till it cuts E D pix»dHced in 
af^^v^ ^-. H; about D, with the radius D B, draw tk 
^1*=* cii-cwlar are H B. This completes OBe half-rib, 
\ and the other ih dravrn in the same manner. 
\ The curve thiis drawn faila a littk heyond 
H \ the true hydrostatic rib at G, and a little 
B \ within it at H. 
^^H \ 10, A nth 9f iinr FtvHK, under & verttaal lo(d 
^^^M \ tHi>tf'ibit(eii ill an If munner, being given, it is 
^^^B \ always possible to detenu iue a system of bori- 
^^BB fA soutcil pre.%3ure!j, which, being applied to th^t 
Jig. 79. rib, will keep it in equilibrio. 
Rule I. — To find the total liovizontal pra- 
Hare againat the lib below a given point. In fig, SO let G beftuy 



point in the lib, and A its crowiL 
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Fig. so. 



ng. 8t. 



In the diagram of forces, fig. 81, draw oc parallel to a tang 
to the rib nt C. Draw the vertical line o & aa a scafe of loadifl 
which take oh = P to represent the vertical load sn(>]>orted on I 
arc A C. Tlirongh h draw the bunzoutal line A c, cutt.ug o c in i 
then o c = T will be the thrust along the rib at C, and hc^^ 
the horizontal component uf that thrust, will be the to/td hortsoJii/'i 
pressure which mnttt be exerted af/aimt C B, the part o/ the f^ 
bdoui 0. 

At tlie crown, A, the jtreceding Enle faila; and the following i* 
to be used. 

KuLE 11, — To find the thniat at the crown of the rib; mtdtiplj 
the radius of ciirvatute at the crown by the vertical load per liiiwl 
la tJiei^ 
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BtiLE TIL — Tn find tlie horisootal pTessm-e required in a, given 
lnye^r of the spaadril. 

Let C (fig. SO) be a point in the rib a. sliort way below C, In 
the dmgiuTU of forces (fig, 81) draw o c iMiiiiUel to a tangent to thft 
rib at C; on the vertical scale of loads t.!ike o h\ veitieal load 
on the arc A C; draw the hori20iit«l line // c' cutting oc'm c'. 
Then o c* = T' is the thrntst along the rib at C"; and h' c s= H', tlie 
horizontal coni[)Ouent of that thrust, is the hoi'ijKMital |irefsur« 
which must be exerted against tlie jmrt of the rib beUiw (T. H lieing, 
as before, the horizontal conijwnent of the thrust at 0, the difTereiiee 
H — H' will represent the horiatntal pivasui-e required to bo 
erted tlirough the horizoTital layer C E K C. 
If H (I minishes in goin^ daicnwardg, as in the example givcin, 
tsure from without ia reqnJrfil through tho layer. Througli 
ose layepiat wiiich H ijtcreases in go'niy downieiardtf, either t&iwion 
'from lOit/caut-f or preasure jhnA wiiJiin, ia required to keep tho rib 
in eqiiilibrjo. 

LiiLE IV. — To find the greatest horizontal thrust, and the 

iiit of rupture," and "angle of rupture," 

Through o, in tig. 81, draw a number of radiating lines, auoh as 

c, o&f (fee, parallel to the rib at variouw iinint;*, aa 0, C, die, and 

d, as in Rules I. and III., the lengths of tliosa lines so aa to 

u*esenfc the thrust along the rih at the seveml ])oint3 C, 0\ &g. 

e length of the horizontal line, ort, representing the thru at at 

i crown, ia to be calculated as in Rule IL Through the points 

c, if, itc, thua foundj draw a curve. Find the piiint, d, in that 

I've which is farthest from the scale of loads, ob; then tho 

rizontal line d A = H^ will represent the maximum horiaontul 

ust. 

Join od, and find the point, B, in fig. 80, at which the rib is 
irallel to o d; this ia the "point of niptvii'e," or point a.t whi^h 
e horizontal thrust attains a maximum j and the "angjo of 
pture" is the iuolination of the rib at that point, or .^^ do ct, in 
SL 

'be horizontal plane D F ia the upper hounrliiry of thnt part of 
i^ndril which exerts the ffiaximum horizontal pressure U^. 



4 



Section IIL^Stabilitt of Masonry, 

1. Prtnnmi* «r Eartfa nnd Water itf^ninkl WaIU. — ILuLE I. — Tbtt 

ttre of Pressure of a rectangular vertical jjlane pressed by a maw 

2 
water or of earth is at ^ of the total depth down fixira the upj>er 

face of the water or earth, 

Rule II.- — The Direction of the Pressure agninst a vertical phinfl 
water or a bank of earth in horizontal Va.'jeiTa, Voto 
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for ft ha.nk of earth in uniformly sloping layers, it is senail 
parallel to the slope. 

EuiK III, — To find the amount of the pressure of water agail 
each foot in breadth of a vertical plane; multiply the half-SfiB _ 
of the total depth by the heaviness of water (62*4 lbs. to the cabic' 
foot). 

For the heaviness of earth, see ^>age 153. 

The fallowing ia a table of natural slopes of earth; but the 
natural slope of earth in engineering works ought, as far as 
practicable, to be ascertained, by observation on the spot : — 



KABTH. 



Dry sand, clay, and mixed \ jfroni 

earth ,.,,,,„ \ to 

Damp clay,. 

Wet Clay j ^^ 

Shingle and gravel, j ^ 

p-t • l^S 



AaitlH 


ao-«ffici6Dt 


or 


or 


Eepoua 


Frtetlon. 


P 


/ 


37° 


07| 


ZE" 


0-38 


4S" 


I 00 


'K 


0-31 


u" 


025 


48° 


I'll 


3s: 


070 


K 


i-o 


H° 


0-25 



Quftomarr 
1 -^/to 1. 



r"33tfli 
2*63 to I 

t to I 
3-23 to 1 

4 to I 
O'9to I 
1-43 i«> I 

t to £ 

4. to I 



The most frequent slopes of earthwork are those called 1 J to 1, 
and 2 to 1, corresponding res?pectivelj to the co-eHicietits of friction 
0-67 and 5, and to the angles of repose 33^° and 26^', nearly. 

Rule IV. — To find the amount of the pressure of a bank (rf 
earth laid in plane parallel layers, against each foot in breadth of* 
vertical plane; mnltiply the htdf-sqiiare of the total depth by tk 
heavineaa of the earth ; then multiply the prodnct by a ratio fbuwi 
a& follows : — 

In fig. 82, from one point, O, draw two frtraight lioes, M X 

and H, making with each otliW 
the angle M R = fl?, the angle <i 
repose, or natural slope of the eartk 
About any couvenient point, M, i» 
one of those straight lines, d^crilx 
a aeujicirele, Y B X, touching the 
other straight line in R. (This maj' 
be done hy describing the dotted semicircle M R O, ao as tofini 
the point R.) Then 

Case I.^ — If the bank is in horiaontal layers, the required ratio is 




M 

Fig, 82. 



■WTS 



OY 
O X 



(= 



1 — sin 
1 + sin 



I — pomDATiosre. 



^^ 



Case TI. — If the bank is in layers doping at the aataral slope, 
e required latio is 

OR . . 

Case HL^ — If the bank consists of layers doping at any less 
angle ; draw O Q P, making the angle MOP — the actual slope 
«f the hank; from P draw P W perpendicular to O P, then the 

laired ratio ia 



OQ / 
OW \ 



cos ^ 



COS S — J (cos,- i — cos^ 9) 
cos 6 + t^f (coK^ i ~ cos- ^)' 
in which 6 = ^^MOF). 



First Clasa ; 



rockj mcMlerutely bard ; atrong as 



TODii on the 



Second 



SCO 

3.0 

1-8 

I to I '5 



the strongest red brick, j 

rock of the strength of good concrete, 

rock; very soft,..........,,.,...,. 

Claass: firm earth; hard clay; clean dry "l 

gravel; clean sharp sand, pre- J from 
vented from spreading sidewaySj J 

Third Class: soft or loose earth; let ^ be the angle of repose j ; 

then; 
BuLE I, — To find the least weight of earth to he displaced by 
the foundation of a building when tlie load is uniformly distii- ■ 

Ibuted; midtiply the total load (above and below ground) by 
k f \ - sin w y 

I \1 + sin <fJ 



KuLE II. — ^When the load prodticea an iiniformly-varyiDg 
pressurfij to find how far the centre of pressure may safely deviato 
from tlie centre of figure of the base of the foundatiou; find the 
centre of percussion of the ba&e relatively to tbe edge whei'o the 
pressure in to be least (see pages 156, 157), and multiply the dis- 
tance of that centre of percujisioii from the centre of tigure of 
by 

2 stn <D 



t 



am"'' jp 



For a rock foundation the value of this mnltiplier ia 1. 

KuLE III,— In the c-ase referred to in Rule II., to find the lea^t 
weight of earth to be displaced by the foundation; multiply the 
total load by 
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KuLE IV. — In the cwKS referred to m Kmle 1., and when IM 
toitd abovi ground alone is given ; 1h> liud the least wi-ight of ^irtL 
to be displaced by the ibundatioti ; let w be the henviuess of tha 
earth, und w^ ihv mf'iin Up-iiviufss of the materials witli which the 
excavation is to be tilled (including voids, if any); tkcn divide tlie 
load, above ground by 

fl + sin ^a 



(1 + sm ^a Vj 
1 — sin ^/ to 



Rule V. — To find the depth of a fouudution; divide the weigi 
of earth to be dijijjlaced by the beavineRs of that earth and the urea 
of bitse. 

Least depifi to escapg injurious ^ecta of fro%t = from 3 feet to 
6 feet accoi'ding to cUtiiate. 



9 
1 + sin ^ 



Table of Functions op Angles of Eeposb. 

15° 2o° 25" 30" 35^ 40" 4i 
roo 2"i45 3 '464 3'ooo ^Sgo 4'59J 5'8^ 



I — Bin (p ' 
1 — em "P 

nrsTtT^ °'^^^ ^'"^^^ '^'^^^ °*3^3 ^'271 o'^n o"ii 

/I + sin ir\2 V 

V l - Hin (t J ^"^^'^ ^'"^^^ '^"*^^° ^'^°° ^3619 afi53 33'9P 

(1 — iSitl a!\2 
l"T"8m"(f/ ^'34^ ^'^^"i P'^^i °"'i* °'°73 o'047 °'°^% 

(nrii^)2 ^"945 273^ 3 '535 S'o^o 7 "3 10 11-076 i7-4l_ 

(1 — sin «'J2 ^ o 

-''i ■ n ^ o"5i4 0-421 0*283 0-200 0137 o-ooo oi 

1 + sill'' 9 " ^ ^ " ^i J 

2 sin fl) 
■T --9-- 0*486 0-57 0717 o-8oo 0863 o-Qio 0- 

tan ip 0'26B 0*364 0*466 o^S?? 0-700 o 839 11 
cotau ip 3732 2*747 3-145 173^ 1-428 1-193 1' 

3. Load Qn Pitcri f «imf4qii»iiii. — Ordinary working loads on 

heada of piles: — On jiilea driven till they i-each Him gi-oimtl, U'4* 
ton on tlje sqimre inth ; on piles standing in soft gitmnd, by IViulion, 
0-09; ordinary values of gii>(i test load wliicli piles will bear witlinut 
sinking further^ from 0-9 to 1-3J tona ou the sijuai-e inch urea of 
Jicud 



PILES — HOBIZ0NTA.L RESJSTAlfCE OF ElATB. It^ 

Tbe foUowiug are rulea applicable to pQe-driying: — 

Let F be the greatest loadl which a pile is to bear without aink-' 
JDg farther (iu tons); 
W, the weight of the ram used for driring it (in tons); 
hf the height from which the rum fulk (iu &et); 
Ij the length of the pile (in feet) ; 
», the depth it ia driven by the last blow (ia fraction* 

of a foot) - 
6, its sectional area (in sqimre inches); 
E, ita modulus of elasticity. 

(Approximate values of E in tons on the sqnai-e inch- — elm, 400 
to GOO; alJeir, about 500; beech, alwtit 600; sycamore, about 60O; 
teak and ami, about 1,000; greenheart^ SOU to 600,) 

Rule VL — Givec, all the above quantities except x; then 

WA Yl 



The pile ni«st be driven until the additioual depth gained by each 

blow, of the energy W A, becomea not greater than x, as given by 
the above rule. 

EuLB Til, — Given, all the above quantities except "W A, tha 
energy required fur the final blow ; then 



WA = 



V^l 



+ Px 



4E3 

Kui£ Till, — Given, all the above quantities except P; then. 

2ES:r 



= V( 



4 E SWA 4 g S' a3\ 
I '^ ^ ) ~ 



I 



^F 4. The liOAd §iit>p«ri«il l»T ■■ #»wew Pile in practice ranges from, 
3 times to 7 times the weight of the earth which lies directly above 
the screw- blade. 

5. iierixaniai BcBiBinnre mf Snnh.— Let R denote the resistance 
opposed by a etnitum of eaith to the pushing or di-aggirig of a 
rectangnlitr jdune siirikcu through it horizontally; to, the heaviness 

, of the earth ; ff, its angle of repose; b, the breadth of tlie surface; 
ar, the depth to which ita lower edge ia buried; iE*, the depth to 
which its upjjer edge is buried ; o^j, the depth of the resultant of 
the resiatauce below the upper surlace of the eai-th. 
Rule IX — To find the i-eaintance; 







ISl BALAXCS AXI> STABILITT OF STBUCTUBES. 

SuLE X.^ — ^To find the portion of the resultant; 

6L fwMPn *r W1MA— RcTLB XI. — To estimate tTic grpatesrl; pi 
Able amount of the pressure of wind against a chimiiey or tow 
if tbe edifice is sqimret take the area of its vertical cixjsB-sectioa; Of 
if round, tajse half that area; and multiply by the great^t kjiowL 
pttssore of the wind in the neighbourhood against an unit of area 
©f a vertical plane sarface, as njeasui'ed by the anero ©meter, {h. 
Britam that pressure is about 55 lbs. on the square ibot) 

Rin^ XII. — To find tbe positioii of the resultant of that preaeure; 
find the centre of magnitude of tbe vei'tical cross-section. (See page 
83.) If the edifice is pyt^mldal or conical, divide tbe difierence of 
the outside diameter at the base and top by 3 times their sum; 
Eubtract the quotient from 1 ; multiply the remainder by half tha 
height of the edifice; the product will be the height of the resultant* 
pressure above the base. 

RrLB XIII.— To find the moment of the pressure of the wind; 
multiply its amount by the height of its resultant above the buse. 

The talculations described in the above rules should be made not 
only for the whole chimney or tower from the base upwards, bnt 
for the part above each bed-joint where the thickness of the masowy 
cw brickwork diininishesL 

7. Btuhiutf ftf AkWHcsb (Including buttresses, abutments and 
piers of archeSj retaining and reservoir walk.) 

EuLE XIV.^ — To find the greatest deviation of the centre of 
pressure from the centre of figure at any bed-joint, consistently 
with stabiliiy o/posiiioji (that is, safety against overturning). Ttis 
may be called the limiting position of the centre of pressure. 

Ca.se I. Abutnijents and Pi&r& of ArcJits. — Take as an aifls the 
edge of the bed -joint in question from which the centre of presurt 
is to deviate farthest ; the required position of the centre of pressort 
will be the centre of jxsrcussion of the bed-joint corresponding M 
that axis, (See pages 156, 157.) Tbe rules and table in thoau page* 
give the distance of the centre of pressure from the farthest ed|8 
of the bed-jointj from which subtracting the distance from thatd^ 
to the centre of figure of the bed-joint (usually half the wbolfl 
thickness of the abutment), there remaina the deviation required. 

Case II, Eetaimng Walh. — Greatest deviation of the centre d 
pressure from the centre of figure, as fixed by practical esperienol 
= fi-om 0'3 to 375 of the whole tliickn&ss of the wall at the ^vefl 
bed-joint. 

KuLE XY. — Given, the load on a bed-joint and the position rf 

•»tre of pressiire; to find approximately the intensity of tlw 

At tlie edge to which the centre of pressure is neiueistj jfl 



ABUTMENTa. 
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Caae I. of Enle I. divide twice the loatl by tliG area of tlie hed; in 
Case 11. multiply tlia breadth of the bed by once-artd-a-hal/ the 
diataace of the centre of pi'essure from the eeaiest edge of the bed, 
and with the product as a divisor, divide the load; the quotient 
will be the required intensity. 

The int-ensity of pressure thus found ought not to exceed one- 
eighth of tbfi pressure which, cnishes the material of the building. 

Rule XVI. — To calculate the inoftieni of stabilUy of a7i abiitment 
at a given bed-joint* multiply tlie weight of the mass of material 
above the bedguint by the horizontal diatanee of a vertical line, 
through the centre of gravity of thtit uiass, from the limiting 
position of the centre of prefjsiire of the bed-joint, 

HuLE XYIL — To find the proper thickness for an abutment 
with a rectangular horizontal base from the following data : — 

Hj the homontal component, and Vj, the vertical component, of 
the thrust to be resisted ; 
li a^', the vertical height of the line of action of that thrust above 
^^ the backward edge of the base of the abutment, 
^f 5, the breadth of the abutmeut j 
' h, its height] 

Iwj, the heaviness of its material; 
m, the proportion ■which its hulk bears to that of the circnm- 
acribed rectangle ; so that if i be its thickness at the base, 
n w 6 ft i is its weight; 
q, the ratio which the deviation of the centre of pressure from 
the centre of figure of the baae ia to bear to the thickness 
at the base. (See Eul© XIV.) 
Ti the ratio which the horizontal deviation of the centre of 

(gravity of the abutment from the centre of figure of its base 
13 to bear to the thickness at the base; 



make 



Ha^ 



(9 



( q — *~ r) ii> A 6 



~ ^''2n{q 






B; 



using 17 + r if g and r represent deviations iu coatrary directionSj 
ttnd 5 — r if they represent deviations in the same dii-ection; then 
the required thickness is 

^ < = V (A + E2) ^ B, 

If the thrust to be resisted is wholly horizontal, t = ^ A simply. 
In a vertical solid rectangular abutment n = I and r = 0. 

E.DLE XVIII. — To find the direction of the resultant pressure 
at any bed-ioint ; let W - nwb kt represent the weight of material 

H 

is the tangent of 



in the abutment above that joint; then -_^ 

(the angle mad© by that resultant with tko veTti(^ 



L 




jxo ftxHtifr or 



I 



mj famam liri iFii]| af/netiam (Ifcai la, ^ 
pri^ «^ bj tfe didng ^ one CDone oC ma:*iai7 
r)i tfce Boraal t» OMik b«kyoait ao^^ ■>"* ^ tmJte » , 
aagle villi the iiiurtiim of Aa Raoitant ^jmaaoK at ttut j<iintt 
(lwcif|eori«fM<Bflf i&Eikn«9dai7; tkatts^fioai about ^5^1 
Bhptiiii hiwi— If! bed- j oiiitu ptore too obEqne to the 
danm IwdgmrtB ibsj W irfwritated lor Uiaa. 

RldlAlS, — 1» «Ji sfavlMcnt wliidi has Co react « tlinigt i 
tTfttwi twar one poont, tke tiak of orertnmii^ is gtcatest i 
hamei b«t the fiak of fjm^ vmy bj alklKi^ u greatest at lite 1 
jitei not lb«kiv tlie |ikiOe of ^^liMtifm of tfa« tJirgat^ *nd it 
til* UtXcr joint, thei«icw«i tlwt Bvk XYIIL la to be ap{jlted 

KlXS XIJL<^To find die pirop^' tfakkness ^r a vertieol fW^' 
«Mf«far f<(<rim'i^ Mu^ of & be^t equal to that of the Uuik 'vliidl 
iMv^wa sift 

la «ach caae let le^ be tbe lueaTiiMss of ike eartb, 9 Its angle 

refMMH^, sad let - be tiie ratta of tba fveas&fB exerted edge vi^ 1 

|J|« UjQfS of eaiiih. to their T^itical pressure^ as found in Rule H 
«£ tbui aectioa. Also, let h be the height of the vdli, w, its ' 
BiMBi, and f, rttio of the intended devi&tion of the c^nti-e of pr 
froiQ tlie ooitte of the base to the required thickness i. 

Owe L— Bank in hofiaontal lajefs; — = ; -. — : 

■' p l-i- sm^' 

h y/ \6 q top/ 
I*tg = |;theu^ = |-y'(^y 
{For a retervoir-wallf make to' ^ @2'4 lbs. per cubic foot; 



i - 0- 



Case TL — Bank in la^rera of indefinite extent, at the nat 



■lope p-f ^ ^ h 



10 cos' p 



(ft + i) to' COS a sin ® , 
' 4 <? to 



then 



+ 6^-6. 



Caae IlL — Bank in layeis of indefintte extent, slnpiag ftt 



i lesa thinn ^. 



Fiod ' by Rule IV. 



Then make 



SKrAmVO WMUA. 

' ^ ' COS? # = «; -p^^ I J + 4 1 ~ «» ' «n * = i; aad 



j^= Jm + ^-k 



[Case IV. — SurdtaTgeri ITW/.— Bank naes froB vmll st 

lip to beight c iibove toft of vail, nr e -t^ i dbvw bM«; axd «t 
fct he igh t b dd a bonzoDtal njiper stuitce. Let tlbe Aiffcw^ edcw- 
as ill Case I„ be t\ ifa« thidcncn, ca^mlated ■■ m One fl., 
and the ri^qiitred tkitJLiieai^ f. Tbezi 



<• = 



k -rtc - 



le strength of a retainiog wall mt ita bone Aoold be toted bj 
mle XV. of till? section, ita<J tbe atoMti^ tfjridiom hj lUdd 
'III. ; atifl if the latter is found to be insufficieut witb borizoBtal 
Isi, tlit'beil^ TUiij be idoped back ; and tbeo tbe back of tbe ttall 
iictuld be £ai'ined into step^ with the rise perpeodifulAr to the 

Hole XX. — ^Having designed A vertical rectangnlar retaining 

to modi/t/ its figure without dimiuisbiMg its stability of 

iition. 

Tlie face of the wall mfty be either battered, ateplJed, or panelled, 
no Jong ds the ceutt-ti of gtuvit)^ of the part taken awuy does nui 
fell bi^hind a Tertit^l line tb rough tbe limiting position of tbe 
oBntre of yu'essnre of the base. When the face h^iH a straight or 
curved Imtter, the beds of the maeoDiy or brickwork m&y be laid 
Iperpeudiculaii' to the battere*l face. 

Tbe liiLi^tmry at the back of tbe wall may be diminisbed bj steps^ 
Iprovideil its pliico is tillfd with material of equal weight. 

Rule XXI. — .For retainiisg wallas of uuiibrni titicfcness whicli 
feow or Qverhatig backwai"ds, It^t r be the ratio which the hjickwai'd 
^deviation of tho ceuti-e of grarity fiHjm that of an upiight wiiU ia 
lb bear to the thickpess; then put q + r instead of q in the deno- 
min'itors of the expressiona in Rule XIX,, and they will hecoine 
npplicable, without mateiial eiror, to the pi*eaent case. The heda 
ought to be built perpendicular to the face. 

Rl'LE XXIL— Given, the diuitmsiuus of a wall with eo«iiter~ 
forts; to find the thickness of a pimn wall of eqvia! stability. Let 
t be the thickness and b the breadth between a pair of connttn^ 
foi-ts; c, the breadth of & counterlort-, and T^ the tliickiieHM of wall 
.and comitei-fort together, Tlien the thickness of thu piwin wa.ll of 

jutU. stability ia nearly — 
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STABILITY OF STRUCTCBEa 



I 



8. Htane ond Brick Arches.— UlTLE XXXII. — To find the ^Mlf} 

proper thicknessjhr the arch-ring of a proposed arcb ; find the longest! 
radius of cufvaUire of tlie areh; then take a mean proportional 
between (that is, the square root of the product of) that i-adius and 
a, conatant whose valuer are aa follows : — 

Foot 

For an ai"ch above ground, standing solitary hetween. 

its abutraeuts,, .........,....,.,., ,..,.., ......,,. o'ls 

For an arch forming one of a seriea of arches, with 

piem between them.................. ..,..,,..,..... O'ly 

For an underground archway in hard material (such 

aa rock or conglomerate),. ., 0"I2 

For an underground archway in gravel or fii*m 

earth,,,,,,., .., ...,,,..... 0-27 

For an underground archway in wet clay or quick- 

ssLud, ...,..,.. 0'48 

Rule XXIII a.— To find the lev^el up to which the baching of 
the arch should be bwilt before the centre is atmck; take a mean 
proportional between the radius of curvature of the itiiradoa {or 
inner profile) of the arch at its crown, and the thickness of the 
arch-ring; then lay off the length so calculated vertically down- 
wards from the crown of the out^r mvrface of the arch-riug. 

Rule XXIY.— For a rough approximathn to Ifie Iiorh^nUd 
i/iruM of an arch, take the weight of the vertical load that is 
eupported between the crown of the arch and that point in the 
arch-ring where its inclination to the horizon ia 45° 

Rule XXV, — To find a nearer approximation to the horizontal 
thnjst of an arch, and also to determine whether a proposed arcb 
will have sufficient stability. 

Assume that the load ia supported by 3 linear rib coinciding with 
the centre line of the arch -ring, and treat that rib by the method 
of Article 10 of the preceding section, page 178, so as to find its 
maximum horizontal tbru:st; this will be nearly equal to the 
horizontal thrust of the proposed arch, Aa to stability, the follow- 
ing casefl may be diatiuguishcd :— 

Case I. — If the supposed rib ia either equilibrated under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be stable 
thi-oughout. 

Case II.-— If the supposed rib requires horizontal pressure fi-otn 
without up to a ceitain point of rupture only, and above that poiot 
requirea horizontal tension to give it equilibrium, the actual ai^h 
IB a table up to the point of rupture, but above that point it may 
be stable or unstable; and its Btability must be further tested tia 
folio wa; — 



i 




Id %S3 let BCA 

mlar to tfae 

taint ofniptKCL Ac 

oinL 

Find tbe 
oad betireeA tke 
?, and tlie 

■vertical Hdcl 

Then, if it Ibe 
soint, etich 
bne, to draw a 
Parallel to 
iTkd tbe otli^ 
■lie joint of 
•lie crown, in a _ 
•hird of the *fc^*^— * <f 



>€ secure. 

Bhonuld It be 
fckiddle tbirdflftW 

Rule XXTX— Tq 
i^re of ftn anil «f 
lection, page 174.) Wmt 
knd the cz/radbvfar 
iig, take 

iirectiix amd f riiftfT- Kr 
l>ei]ig usuftDy the pcmBe ^ Ai 
rlie hoiizQiital dlra e tein liidK < 
i&teDaty with tlie 
»3^>xiinately tlie 
karaineter bj tfae 
Kig for the Toid^ if wmj 
Multiply the firadiKi ^ «^ : 
Platform to the cwvwa «f tibe 
«"om the directrix to tkr 

BuLE XXYI L— To a%>t ikt %■ 
ii'^ch of masonij. (See AfSid« 9 4^ 
■ 77> For the intadM tOie Ae 
kaako the arch-stoBea «f «a 
^diiis of carvataz« at tlw ^mwm hf 
^he thrast will tie neufy iBkm m*! 
^iDclduig with the intnda^ a^d 

BuLE XXYin.— To find the 
^ pier that rt«iub betwvca tv» 



XXIil, 4^ Our >Mi4t. 
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BMSiXSVX A]fB VTAKUJTI OF nKU4>*llJlt^E 



with a trBTelliDg load tn addition to its own vt^gbt, and the otW 
-with itH own weight only; lunltiply ttie tTuvdliug load per udtof 
span bv tbe raditia of curvature of the Centra line of the arch-mg 
at its crowii. 

Rule XXIX, — To represent approximatelj the amount and 
distribution of the load upon any part of the centre {or ttmpMij 
Ihiniing) which supportB an arch in progress of constniction. 

Caau 1 Circular Arch. — In fig. S4 let O A bt; the nuJins of 
the iotmdris, and A B a cinciilar quadrant of wljjch the intnid(M 
forma the whale or part. Conceive that the half of the radius A 
represetits the weight of the arch-ring per foot of intrados. 

Let C be tbe imot np to which the arch-ring hmt been built; 
and let it be required to find the amount and distribution of tbe 
load on the part C D of the centi-e. 

From C draw C E|l A O; biifct C E in F, from which dra* 

F H tl O B; draw D G || A 0; 
then will D O repi'esent tlje ikhtiiiI 
pn'ssnre on each litieal fofit of tie 
outer surface of the cetitre at tk 
point J); and tlie shaded :ire», 
C D a P, will repi'C&ent ttie v<irti' 
cal cfimiiunent of the lowd on the 
centre between C and D, hotli ifl 




t/ 



LjJ 



Fig. 84. Fig. 35. 

amotiut and in distribution. 

Tlie point H is that below which the arch-stones ceaae to pwtfi 
on the rib, when the arch has been built up to the jjoint C. 

The case in winch the rib is comf)letely loaded, the arch heii>|i 
fiTjislicd all but the keystone, is repieseuted by fi|^. So, Bh 
the vertical ntdiiis A O in K, and conceiTe A K. to repi 
the weight per foot of iEiradoa; dmw K L (| O B; L will bei 
point below which the stones do not press on the rib (su]>|Jfwiog 
the tirch to extend so far). Let D he any point in th* 
intradrw; dmw D M || A 0; then D M reprt'sents the nornxl 
presanre on the centre per foot of intmilos at D, and the nIiikI™ 
iirtiii M DAK rcTU'esent** the vertical component of the loid «> 
the centrn between A and D. 

Case II, NoH-cireidaT AtcK — Find the two points at which 4e 
intnidoa ia inclined 60" to the horizon ; coiiKHive a circular «« 
dntwn thrnnpli them and thraugh the ciown of the iutmdufl,*'' 
proceed as in Case I. 





DBsnriptloii of STnteriol 

Malleadle InoN. 

Wire — veiy stixing, 1 
cliai'coal, ., — ..,,.../ '* 

Wire— average, •,,.. 

Wire — weak, ............. 

^Klf orkshii'e (Low moor), . . > 
^M from 

^■YorksTiire (Lowmoor) \ 
and Staffurdshire > 

^_ rivet iron,. ....... j 

^■Charcoal bar, 

^'^ Staffordab i re bar, ... from 

to 

Yorksbire bridge iron, . . . 

Btaffiud.shiif bridge iron, 

Lauarkiibi ve bar, . . • from 

to 

.from 

to 

.fl-om 

to 

Russian bur, fi-om 

to 
Bushelled iron from 

tni'tiinjj!?, 

Bam inered scmp, ..... . 

^Angle-iioti frnin > from 

IT"" " 



Lan casb Ire bar,,. , . 
Swedish bav........ 



63,620 
62,231 1 

49,930 
47,600 

64,795 I 

60,1 TO ) 
53.775 / 

4«.933 I 
41.251 f 
59>o9^ I 
49.5^4 } 



53.420 
6 



N. 
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^_ 192 STft^CTtt OF HATE^lAm ^ 


I 


^H 


^K Tabls — &miimbdd. 




. ■ 


^^1 »> »_^_ ^ w.1,.,4.1 Tenacity in IIb. per Sqa%F9 Incl. 






^H Strapa from, van- 1 from 55,937 \ 
^H QUE ditslricta, ... | to 41,3^6 / 


N" 




t'048 H 


■J.** 




^H Bessemer's iron, cast > , , ^ ^ 
^^M • 4I«343 
^B ingot...... ( -» » * 


w. 




■ 


^^^^H Bessemer's iron, ham- ) ^ ^ 
^^m mered or rolled,,... J ^^'^^^ 


w. 




H 


^^^^ Beaiemer's iron, boiler >fa 
■ pkte. ....} ^^'3^9 


w: 




■m 


^H Yorksliire plates^... from 58,487 ) 
^H to 52,000 1 


w 55.033 \ 


N. 




^H StaSbrdsHre plates^ from 56,996 ) 

^m to 46,404 1 


■ 44,7^4 J 


K 


1*04; -034 1 
1-13; -05^ 


^H Staffordahire plates, 1 
^^B Lest-lwat, ctarcoal, j ''"^' 


F, 41,420 


R 


'^5; -«fl 


^H Staifurddiire ) from 59,820 
^H plates, beat-best, / to 49,945 


F. 54,820 


F. 


'05; "o^^ 


F, 46,470 


F. 


•o67;'o*J 


^H S tafibrdi^k ire plates^ bestf 61^280 


R S3,82o 


F. 


'<^77;'^H 


^H Staff brdsb ire plates, 1 - g 
^H comtnon, J 5°t^^° 


r. 53,825 


F. 


'°5: "oH 


^H Ijftncaahire plates......... 48,865 


R 45,015 


F. 


-043; "^1 


^H Ltmarksbir^ plates, from 53,849 1 
H to 43,433 I 


, w 48,848 ) 

■ 39.544 / 


N. 


/ '033; ^^H 




^H Durham plates, 5ij245 


N. 46,713 




•oS^rS 


^F Effeds of Reheating and Rolling. 






I 


^K Puddled bar, 43,904 






^^1 


^H The same iron five ] 

^H times piled, reheated V 61,824 

^H ^nd rolled,,... ,) 






^H 






^^1 


► 0. 




^^1 


^H The »ame iron eleven \ 

^H times piled, reheated V 43,904 

^^k and rolled;,...... j 






^^1 






^^1 






H 


^V tSlrengtli of Large Forgings. 






1 


^H Ears cut out qfl from 47,582 
■ large forgings, / to 4^,1^^ 


' If 44,578 




1 '203; ^H 




K £iir.s CQt out of large 1 ^^^ 
^^^^forgiogs, i *^' 


M, 
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TEEL ASD StFJJ.T laCHL 

Caststeelfaarsjol- ) frtim T^^yx, , 

led and foiled, / %» ^Z-rir- .' -^ 
Cast steel bars, rolled i ^ 

and foTged,.._ j' ^3=^^-3°^ ^ 

Blistered steel Iocs, I 

rolled and fof^ed...,/ ^^■*^9'- 5 
Shear steel ban,ro]l(id * , , 

and forged, / ^^^^^ 5 

Bessemer^s steel bnx, f ^ 

roUed and forced,... T '*^^*= ^ 
Bessemer's steel bazs. « ^ 

cast ingots, i *'5^'^ •- 

Bessemer 8 sted bars. * 

hammered or ndlHL i' '^^^-•' ^- 
Spring steel bars, haxB- i ^ 

mered or rolled,..,, / '^^Tf ^- 
Homogeneons metal i 

bar8,roUed,_ / J*^"*! y, 

Homogeneoos metal i 

bars, roUed, / *3<=«^ F, 

Homogeneons metal | 

bars, foigwl, / ^'^^ ^- 

Fuddled steel j| 

bar8,ToUedandl^'^ V^"'^ \ V 

foTged, j ^>' ^^r7^; " 

Puddled steel hen, i 

rolled and forged,... / 5^-^^ ^- 

Puddled steel bars, I ^^ „ 

rolled and forged,,., / ^^'^ ■*- 

Mushet's gun-metal, icj^co F, -*,x/,^ 

Cast steel plates,. ...from ^l?*^ « tt 5C ^ ' ,- ' </- '// 

Cast steel plates,,,, hard, JC2-5r>i « ^ - .J,, ^ 

«rft, ^^cc/ ^' ^ .,^, 
tLomogeneons metal « ,^ - 

plates, first qnalitj, / 'Z'^^"^" % ^ T*/''/' t / 'x/,, '/,^ 

Eomogeneous metal \ ^ .' i '*' i ^ 

plates, second quality, / 5'*»4^j J^.^'j ' '/^,. '/^/ 

Puddled steelifroTO 102,5^,31 V^'^'i^' tr y' '^^'^ '^'^ 

plates ../ t^ .,,5j,/ '''<^yi^/ ^' '. 'A/,v?^/ 

Puddled steel pktea,..,, 93;^ f, V»'4<, 

o 



'>^: 
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STRENQTH OF KATERIAtg* 



Table — eoniintted. 

r\^,^^M^ ^t **-.♦-»(. t Tenacity In lbs. per SqiULTB Inch. 

Coleford GuB-metal. 

Weakest, 108,970 ) 

Strongest, ,,.,.. 160,540 > F, 

Mean of ten sorts, ....... 137,340] 
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In tbe [ireceding table tlie following abbreviations are nsed for 
tLt.; names of authoritieB : — 

C, Olay; F., Fairbadrn; H., Hodgkinaonj M., Mallet; Mo,, 
Morm; N.,* Napier li; Sods; K., Rennie; T., Telford; W., 
■Wilraot 

The column beaded "TJltiniate Ejttenslon" gives tbe ratio of tb» 
eloogiition of tbe piece, at the instant of brtsakingj to ita origiBul 
length. It furDitthes an index (but a soniewhat yague one) to th< 
ductility of tbe metal, and ita consequent safety as a luateiial fut 
resisting shocks. 

When two numbers separated, by a Hem i col on appear id tli« 
column of ultimate extenaiou (thua -082; '057), the first denote* 
the ultimate oxtenaion, leugthwise, aud the second ci-oaswisa 



Table Ib.^ — IIesiliencb op Iron awd Steel, 

mt^mmrT^^ ™T/* t""'^?^ ^"^of'"" ^''•rfl 

Cast iron — Weak, -.„.,..., 13,400 4,467 14,000,000 i- 

„ A vemge, ...... . 16,500 5,500 17,000,000 vji 

,i Strong, ........ 29,000 9,667 22,900,000 4'( 

Ear iron— Good average, .. 60,000 20,000 29,000,000 137I 

Plate iron — Good avemge, 50,000 16,667 24,000,000? it'5^ 

Iron wire^ — Good average, 90,000 30,000 25,300,000 35 jH 

Bteel — Soft, 90,000 30,000 29,000,000 3103 

„ Hard,.. 132,000 44,000 42,000,000 46'ic 

In tbe above Table of Rcsili(>TiC0 the working tenacity is I 
"dead*' or steady load. Tlie modulua of resilience is calcul 
by dividing the square of that working tenacity by the modulu 
elasticity. 

" The expprimeDtg whoee oxtrcmo results are marked 'N. were 
for Meaars. R- Nai>ier & Scma by Mr. Kirkaldy. For detaila, see 
tinns of the lustiiulhT^ vf jSngmeerg w ScoUand^ l&i>8-59; also 
^ Strength o/Iron and Steel. 



Stones, Natoral and Ajitificiax: 




Glass, 
3late, 
Mortar, ordinary. 



CAxa: 

Brass, cast,..,..... 

„ wire, ,...,..,.,,,..,.. 

Bronze or Gun Metal (Copper 8, 

Tin i},.... 

Copper, caa.% ... 

„ sheet,.,.. 

„ liolta, 

■wire, 



Iron, cast, various qualities, 



Irou, TVTonglit, plates, 



joints, double rivetted, 
„ single ri vetted, 

bai:3 and bolts, 

lioop, best-bostj......... 



f <5o,ooo 

\ to 70,000 

64,000 

j 70,00a 1 

\ to 100,000 / 

pOjOOO 

3.300 

Steel bars,. \ ■ ' 

' { to I30,Ooq 

St&el plates, average, 80,000 

Tin, (Sist,., ,..,,.. 4,600 

Kiac, «.... 7,000 to d,ooo 



„ ■WTTC-ropca, 
Lead, slieet. 
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BTREK<3TH OF U^TEOaiALS. 



MiTEElALa. 



Tenneitjr, 

or RoatEttmca to 

Teoriug. 



r.Iastici 
Or TCesisCs 



Tikhsr asb othee Oegakic Fibre: 

Acacia, false. See " LociistL" 

Ash {Fraxinua excdslor) , 17, 000 

Eamlxio (Bamljusa aTUTiduicu^a)f ^jSOO 

Beech. {Farj\t& m/lvatka), 11,500 

Birch {Betida alba),. ..,.,., .t^.t.mm 15jO0O 

Box [Buxits seinpennrens) , 20,000 

Cedar of Lebanon {CedrusLH^ni), 11,400 

(Jhssbnvit {Casianea Vesca), < . ' 

Elm (Ulrtms cam,pesiris\.. 

^ /- j-i 14,000 

Fir : Red Pine {Pimis af/h^stris), -I '°°^ 

„ Spruce (A hies excdaa)^. .. 

„ Larch {Larix Europcea),...., J , ^' 

Ha'wthorn {CraZ(BgusOxya cantha), i Oj, 500 

Hazel {Gwylus A vdlaiia), .,,.„.., 1 8^ o 00 

Hempen CaWes, Sfioo 

Holly {Ilex A qui/olium)^ .,.♦,,... 1 6,0 00 

Hombeajn (Carpinus Bdulua), ... 2 0,000 

Labiimum [Cytisua Labum.um)f '0,500 

Jjaacewood {Owztteria virgaia), 23,400 

LignTim-YitHJ (Gwaiacum ojid- \ ^ 

ymce),.. J ' 

Locust {Hobinia Fssudo-Acada), 16,000 

MskhogiXTij (Swieieni<i Mahagoni), < , gj^g^p. 

Maple {A cer canipesfris), 1 0,600 

Oak, European {Qaercus se^s^ili- / 10,000 

jiorasLTidQiLeraispeduncicIata), ( to 19,800 
„ American Bed (Quercus \ 

rvhru),.. ^.........| ^^'=^50 

Saul {S/iorea ro&iiste),....,.,..,.. 10,000 

Sycamore{ j4 cerFseudo-FlatanitsX 1 3, 00 

Teak, Indian (Tedona grandint), 15,000 

„ African, (f) 21,000 

IVhalehone,... 7, 700 

Yew (Tiiaaw Ittccata^.. 8,000 



1,14c 



to i,^6c 



w 



:l 

'aslz if tut Hssanscir >w Maiebiaub to Sbkardo avd 
ZtsxDsxrox & 'XKiaaa rmoirauoou ptr square inch. 

n j^ Tr«iw»»rw 

:Llitkt»i. to ^ *^''' ■ 

Bcas, "virp-mtwii .'Jt'*'*r»..'">'>% 

C.:iJT)fJC il.3V,.v^, 

^^ 'a*'^' 27,700 a,i*-;f, r.'Hr. 

^ -rariii^t: 50,000'. '^"■"»'^'''"- 

I t-ft<).;;fy.,vr. 

Rr: HdiiP-JiB. 5ooto «ryi f '^^■"•' 

- snricB. <jry-, 

- LoTO, — 970 to r,;w 

^'^■■■■:- 3 ;^ 

-Lab. aiii Eji, i.^>v ., 



IIL 
'able or THE Resotance of yixmaAijt i*\ ""^^i**-^ 
DoLiinr Thrust, in ^Kmwd* a*(>ir'iM^*»* y.*r ^...-^. .^, 

Mateeiaia 

iirosrs, Xatcral and AxnnaALi 

Brick, weak red, 

„ strong red, 

II fire, „ 

Chalk, 

Granite, - j ^ - 

Limestone, marU^ 

„ grannlsr, .^. 

Sandstone, strr/nj^ , 
„ oniiM!/7 

IIetax£: 

BntaB,casty 

Iron, catty -nrxvuk ipnUti^^' y, ^z- 

„ „ «H*i^> • 
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BTBESGTH OP UkTEmMM. 



Matebialh. to 

TiMBEE,* Biy, oriDdied along the grain: 

Ash,,,,,.,, ,„. ,i..j..i., 

Beechj 

Birch, 

Blue<6iiin (Eucalyptus Globftduii)^ „ . „ 

Box,.. 

Bullet-tree {A cJirus Sielercxx^lon), 

Cabttcalli, 

Cedar of Lebanon, 

Ebon J, West Indian {Brya Ebenua), — 

Elm,. 

Fir: Bed Pine, 5,375 

„ American YeIlowPine(Pi«MS variabilis^ 

„ Larch, .,.- 

nombeam, ........... 

Lignum- Vitse,.., ..,...., 

Mahogany, ,,,,,.,..,.... .,,. 

Mora {Mora ^ccdsa\ ,,...... 

Oak, Ei'itiah,... .,,..,„,., ................... 

„ DantzLC,...,. 

„ American Bed,... ..., 

Teak, Indian,... 

Water-Gum {Tristania nerifolia^ 



IV. 

Table op the Eesistajtce of JL^tebials to Breakikg 
inpourids avoirdupciA per nqimre indt. 



Matebiaia. 



Bealstancetal 

cr 
McduJna af I 



Stones: 

Sandstone,... 1,100 

Skte, 



• The pesiatances stflted are for dji^ timber. Green timber is mach 
iOSTie times only half the stn?n;;th of drj timber Agnirst crushing, 

f The imodaius of rupture is eighteen times tlie load wlut'li ia reqotred to 

of one inch sqiinf«, BUp^orlcd at two puduts one ffwt n-part, aud loadod id 

^^fatffeeo the pumts of auj^^^oit. 




GENEBAL TAELE3. 



MATEIUAr& 



|IerA.LS: 
■ Iroi 

I 
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Rnslstenoe to BreaJiing, 

or 
Jdodalaa of Rapture. 



Jjxm, casti open-work beams, average, fj ,qoo 

„ solid rectangular hars, vslf. quaKties, 33,000 to 43,500 

r, „ „ avemge, 40,000 

■wToughtj plate beams, , 42,000 



Timber; 

Afih, 12,000 to 14,000 

Eeechj ,. ,„.,.,.„,.....,,,,,.....„....,. 9,000 to 13,000 

Birch, , 11,700 

Blue-Gunij ............16,000 to 20,000 

Bullet-tree, ,,,.,,,.,,,,.,,...,,....,,,,., i5)900 to 22,000 

Cabacalli, 15,000 to 16,000 

Cedar of Lebanon,.. , 7,400 

Chestnut,.,..... ,..,,,,.....,...,.... 10,660 

Cowrie (I)^rtnnara cmdtralis), 1 1,000 

Ebony, West Indian, 27,000 

»Iillm,. 6,000 to 9,700 
Fir: Red Pima, 7,100 to 9,540 
„ Spruce, 9,900 to 12,30a 

„ liircb,... 5,000 to 10,000 

Greenheart {Nectandra Eoditsi), 16,50a to 27,500 

Laocewood, i7j35^ 

Lignum- Yitse, — 12,000 

Locust,.., 11,200 

» Mahogany, Honduras, HjSoo 

„ Spanish, 7,600 

Mora,..........,,.,.,...,...,.,.,..,..,...., S2,ooo 

Oak, British and Biissiau, .,10,000 to 13,600 

t„ Dantzic, ............ 8,700 

„ American Pit! J,,. ,,,,.,.„.,,.,.,.,,,,. 10,600 

iPoon, iSrSotJ 

fckul, ,......,...,....,, 16,300 to 20,700 

» Sycamore, 9,^00 

Teak, Indian,.,. . ........... ,...13,000 to 19,000 

„ AJ'rican, ,,.,,..,,.,...,,.,,. .....,,.,.. 14,980 

Tonka {Dipieryx odorata), 32,000 

Water-Gum, , i7r4^o 

Willow {ScdvUf various species), ♦ 6,600 
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^M V. — SUPPLOCENTABT TaBLEB FOR WflOUGHT IeOST AND StEEL 

^H Meuji results of experiments hj W, H. Barlow^ Esq., F.ItS. : 

^H Pw»f Strtiarti. ^£?^^ 

^H PudtUed ateel, specimen L,.., 95i233 — — 

^B „ specimeQ II.,... 116,^36 62,50a 22,964,c 

^ castln ingots, " j""* ^°^7S3 

Puddled stedj specimen III., — 60,000 20,1144,000 

J, specimeu IV., — ^3i75<5 24,802,000 

„ specimen V,,,. — 52,500 22,846,400 

Homogeneous metal,... 100,994 fiTiSoo 23,833,600 

Steely irop,.. ^9i45^ 52»5oo 23,846,400^ 

"Weight of a cubic foot of ptiddled steel, 485-5 lbs. ; of 
iron, 463-6 lbs. (See the Engineer of 3d January, 1862.) 

StrciiBtli flf Cald-cplled Iron. — The following results Were obtain 
in some experiments by Mr, Faiibairn on the tenacity of w 
(See Mandiesler TranaaciwnHj lOtL December, 186L) 



Tenacity. UltJnwti 

Lbs. per Square Inch. EitanauA. 

Black bar, 58,627 -200 

Same bar iron, turuod,, ...... 60,747 '^ao 

SK.mo bar ii-on, cold-rolled, ,,,.,.. 88,229 *o7g 

Cold-rolJed plate,,,,. 114,512 

Mean results of experiments by M. Treaea on bars cut out wT 
ca»b fiteel boiler plates. 

TeaudtF. Umlt of Elutldty. Uodnltu of 
Lba.0Dtlia L1]«. on Uia ElBjidi?.;t.y— lb>'< 

Square Incb. Square luch. the ijqii^ Ijick 

Hard steel, untempered,... 74,300 36,000 29,500,000 

„ tempered,. 103,000? 71,900? 27,300,000 

Soft steel, unte rape red,.., 81, J 00 34,100 24(500,000 

„ tempered, 121,700 105,800 28,300^000 

The column headed " limit of elasticity" gives the tension 
■which the elongation was sensibly pi-ojiortional to the load, 
i^esiilts tnaiked (J) tire doubtful, beciiUiie of discrepaaciea amoag^ 
tile ejfpei'imeuts of which, they are the means. 
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SOl^ 




V VI. — SUPPI-E3IEXTAET TaBLE FOB CaST IrOST. 


1 


1 


Klndii oT litm. 


Dirarl 


BMfKtanm 
ioENnet 
CJraahing. 


Bapciuv 

Ol Sqiun 


UodDliu 
of 


4 


No. 1. Cold blast, ' 


from 

to 


12,694 

17,466 


56,455 

80,561 


36,693 
39,771 


i4,ooosooo 
15,380,000 




No, 1, Hot blast, - 


from 


13434 


72,193 


29,889 


11,539,000 








to 


16,1 2S 


88,741 


3St3i6 


15,510,000 






No. 2. Cold blastj ■ 


from 


13,34s 


68,532 


33453 


12,586,000 








to 


JS,855 


102408 


39.609 


17,036,000 






No. 2, Hot blast, - 


from 


13.505 


82,734 


28,917 


12,259,000 








to 

1^ 


17,807 


102,030 


38,394 


16,301,000 






No. 3. Cold blast, - 


from 


14,200 


76,900 


35t8Sc 


14,281,000 








[to 


15,508 


115,400 


47,061 


22,908,000 






No. 3. Hot blast, ■ 


from 


15,278 


101,831 


35164a 


15,852,000 






to 


23,46s 


104,881 


43497 


22,733,000 






No. 4. Smelted by coke) 
witliout Bulphur,., ,„...;' 
















' •* 


41.715 


^^ 


^ 




Toughened cast iron, ■ ^^™ 


23461 
25.764 


129,876 
119457 


— 


Z 


I 




No. 3. Hot blast after first) 














melting, ,......*......*... , 


— ' 


98,560 


39,690 


— 


■ 




No. 3. Hot blast after) 
twelfth melting, ,. , 


— 


163,744 


56,060 


— 


1 




No. 3. Hot blast after| 










■ 




eighteenth melting, ..." 


^^ 


197,120 


25,350 


— 


■ 


LJ 


Malleable cost ltod, ............ 


48,000? 


■— 


— 


— 


I 


I 


P It is to be understood that the luimbers in 


one line of the pr& 




' ^ieding table do not necessarily "belong to the mme s^pedmen of iron, | 


«ach. number being an extreme result for tte ki 


LQd of iron specliied ■ 


Xu the first column. 


g 


^H VIL — BssisTAircE of TiitLBcn to 


Twisting. ^^ 


^^H MadnluB of Unpt 


nro Uodalus of Tran^' ^H 


^^H by WrauuMng 


Tarso Eksticit?. ^H 


^^H Iiba. on tba Squoni Lba. on the Sqtiara ^^| 


^m Incib 


ifiL:ij. ^m 


^B Red Pine of Pniss 


itt 


1,540 


116,300 ^H 
61,800 ^H 


^H of Norw 




^H Elm., 1,'^QO 


76,000 ^H 
83,400 ^H 


^H Oiik (of l^oriiiaiidy)^ ............ . *fi.^5Q 


^1 Abb i,4£io 
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VIII, 

SUPFLEHENTAKY TabLE OF PROPERTIES OF TlMBEK GIOWN IN CETLOJf,' 
SELECTED AND COMPUTED FROM A TaBI,E OP THE pROPEJiTlEa Of 
Iiij!fEnf-3IS KINDS OF TlilCER BY MODLIAR AdBIAX MeKDIS. 

Mf>dul«iof Mod«l«sof ^,rtt,f, 
TmEtn, Elasticity m Rnpture m CubJc Fo«i 

Ibi, on the lbs, on the . ■. 
Sqiidn Inch. Square Incb. 

Aludel {Artoaxrptis pubeacens),.,. 1,850,000 1:2,800 5^fl 

Burute {ChloToxyhn Svjielenla), 2,700,00a 18,800 55™ 

Ctih& MilUe. {Vitex oJtisdTnaTjj... 2,000,000 13,900 50 
Caluvere. See " Ebony." 

Cob (Artocarpus inl&ji-ifolia)y.,.,, i,S 10,000 11,000 43 

Ebony or Caltivei« (Diomyros \ g- 

eLu.),,. , 7Ly] 1^36°.^°^ t3.ooo 7 = 

Gal or Hal Menclora ( Vateria ) „ 

gp.—'i) f it55^oo^ 13.300 57 J 

Hal Milile {Berry a Ammonilla)^ 970,000 15,200 4S^H 
IroiiwootL See *' Naw." ^ 

Jack. See " Coa" 

Mee (Bftasia longifolia),. 1,880,000 13,000 61 

Meean Milile {F(V«ca«i«ffiwia),... 2,040,000 14,20a 56 

"Navf (Mestta Nagaha), ..., 2,580,000 17,900 73 

Palmira. See " Tal." 

Faloo (^Miimtsops Alexandra), ...... 2,43 0,000 i S , 900 68 

Satinwood. See •• Burute," 

^oorija, [Thespesia pQptdm),..,.,,^ 2,610,000 12,700 42 

Tai (Borassus^abeUiformis),...... 2,810,000 14,700 65 

Teak ^7'ectoia (?raw:^is), ......,,.,,. £,800,000 14,600 55 

ik]>DiTioyAL Data fkom the EspERiMENra of CAPT.'mf Poll's^ 
RE., Caftain Mayxe, E.E,, akd Modlia» JMendis. 
Teak from Jtibors (Malay Peniusula), 1 9, 400 

Teak from Cocli in-China, ,.... 1,990,000 12,100 44 

Teak from Mo Qlmeiii,. -,..... 1,900,000 11,520 43^J 

Iron-bark (£'M(;a^tjr«ius — ?)from ] , , H 

AustmiL, .:,.......,. } p^^^^^'^ ^4,400 em 

Iron-bark, rough -leaved, ....•...,., 1,157,000 ss^goo ^4H 

Jarrab, or "Australian Mabog- ) ^^ „ T 

s.ny'' {Eucabjpim^^ ^_ | 1,157,^00 30,238 59 

Stringy-bark {Eumh/phis gi- l r ^oo aoo t, r,o^ li 

y»/ife») from A.mtmlk, ( ^w09,oao 13,000 54 



a 

«rPPLEMENTATlT TABLES, ^^^| 

IX — StrPPLEHENTABT TaBLE FOE StONE, LiME, AKD CeMENT. 

oa the l^qijura Iiii:h, 

Gi-auwaclre from Penmaenmaiir, i CjSga 

Basalt, Whindtone,..,..,,,.. 11,970 ^M 

Gtunite (Mount Sorrel), .. I2j86i H 

„ (ArgylMire),.,.. 10,^17 ■ 

Syenite (Mount Son*el), 11,8^0 ^M 

Snudstone (Strong Yorksiii-ej xiiean of 9 expeii- ^| 

metits),, 9,824 ^^ 

„ (weak Bpecimens, locality not stated),, 3,000 to 3,500 

Limestone, compact (stiTOtig), ,,,..,...4,... 8,528 ^m 

„ magneyian (strong), ..>..... 7^098 ^M 

» ,. (weak), 3,050 ■ 

The above are from experincientK by Mr. Fairbaim. 

Mr. Fairbait'n's experiments further ahow that the resistance of 
Htroiig sanJutone to crushing in a direction parallel to the layers, is 
only mx-seveni/ts of the resistance to crushing in a direction j)erpen- 
I dicular to the layers. 

TLe hardest stones alone give way to crashing at once, withont 
irevjous warning. All others begin to crack or split under a load 
less than that whicb finally crnshes them, in a proportion whicli 
mges from a fraction little leas than unity ia the harder stones, 
lowu to about one-Iialfin. tlie softest, 

A Year and a Half after Mixtuhe. ^rl3^q^reii*!:h^ 

Mortar of Lime and River-Sand, 440 

„ „ „ beaten, ...,,,.,. 6oc> 

Mortar of Lime and Pit-Sand, 580 

„ „ „ beaten, , Soo 

Hydraulic Mortar, of lime and pounded tiles,. .. 680 
„ „ „ beaten, 930 

Beton, or concrete, of mortar and broken flints, 420 

Sixteen" Yeak3 after Mizttjue, the increase of strength ia iol 
the following proportions : — 

For common moi-tar, i-8th. 

For hydraulic mortar, , t-4tb. 

Sii Months after Mixture. iha. ™ 

Adhesion of common mortar to compact lime- Sti. lu. 

RtonB, .,..,.,.,,.,,.,,,,............,..,.. ,.... iij 

Adhesion of fKimmon mortar to brlck^ «.„,...... 
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or 



na 



OfiE Yeae after Mixtcke, J^S^ 
Co{>d hydraulic lime, .,,....,,.. , i^o 

Ordinary hydraulic lime, < "*'^" ^4** 

■^ -^ '^to...... lOO 

Rich lime,,--...,....-..,........,.,.., 40 

Good hydraulic mortiir,. ..,., -. 140 

Ordinmy hydraiilie mortar, 83 

Good common niortiir, 50 

Bad common mortar,. .,..., -....., 20 

Cement from chalk lime and blue clay, a few- 
days after mixture, , , . j 2^ 

Portland cement (from compact limestone and 

clay) 30 to 50 days after mixture,,,,.,.,...,.., 1,200 to 1,550 

X — MlSCELLANEOUa SUPPLEMENT AH Y TaBLE. 



llAlorlal 



Cast Btcfil bar, ,....,,.,,„ 

Charcoal iron wire, 

Iron wire rope,. .. .....,.., 

Iron bar, Etrong, 

Boiler plate, strong, 

Tuak wood, 

Deal, ,„,.,..,,,,. ..,,.,„,,„ 
Hempen rope, hawser-) 

kid,,. f 

Hempen rop e, c able - laid , 

Silken tbread,.., „ < 

Flasen thread,,.,.,..,,,.. 



Dimeasloiis. 



I 1ft. X 1 m. 
area i sq. in. 
girth 1 '2 J' in. 

I in, X I in. 
area r sq. in, 

I in, X I in. 

1 in, X I in. 

girth I in. 

girth 10 in. 

area o'ooai 15 

sq, in, 

unknown. 



TeatUtg 


Len^Ui d{ 


Xoad, 


lib. weight, 


Ibi. 


tareet 


130,000 


0-297 


100,000 


0'3 . 


4,480 


6'a 


60,000 


o'3 


50,000 


o'3 


15,000 


3-0 


12,000 


4'o 


1,050 


26*0 


67,200 


0279 


6 


19.950 


6 


15.833 



TeiuuiU; b 
feet or tl»a 



38,610 

SOjOCJO 
26,880 
18,000 
15,000 
54,000 
48,0013 

27,300 

18,750 
11^700 

95,000 



Modultte of elasticity of Bilken thread; 

3,000,000 feet of itself = 1,300,000 Iba on the square inch. 

I Modulus of resilience of eUten thread; 

f 473 foot-lba. for a cord iveighing 2 Iba. ; or 

205 foot-lba. for a cord 2 feet long x 1 equare inch area. 

The tenacity of silk- worm gut, in Hueal feet of it^lf, is al 
the mme with, that of ailkBu tkiea^d. 



Tenaci^ of wup inHDei] lee&iif ^Bis^ 3t^i 
Tenacity of ti^ in liaal fisefc of amaa, 30,788 
Mean teuacitjr off the flaxen jam in Eneal 
feet of itself, hemg tbe lani of die 
t6D3;Cities of the vajps&d vel^.,. ...... 52,340 






59.*«» 



(The above are from tlie Trtau, ofO»e InMihditm t^Kmgimatn 1 
Seotlajid for 1863-6, oa the autbotttf of Frofessat' Bankiae^ Mr^ 
Peter Uarmich&el, and Mr. John P. Smith.) 

Alundnium bronss contains frcnn o to 10 per ceuL of almnisiiiia,] 
And from 95 to 90 per cent, of copper. 

Its mechanical profierties are as fcvilows, acoording to Mr. John 
Anderson, of tbe Woolwicli Gnu Factoiy : — 

Specific gravitj, 7*68; heavinesa, 480 lbs. per cnbic foot 

LTenacity,.,. .,.....»»,.-......., 73,000 lbs. per sqnare incb. 

~ sistanoe to Crashing^ 1 32,000 lbs. per square inch. 

Cast steel in small blocks; resistance to crosibing^ 
in lbs. on the square Inch^ accordlag to Mr. 
Fairbaim,... , 269,000 
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1 . tf'nctarB of B^fetj Bad UleditU of Sireugtli ;— 

Dana Load. LIts Lotd. 
Factors of safety for perfect materials and 1 

workmanstlip, j * 

For good ordinary materials and workman' 
ship : — 

Metals, 3 6 

Timber, 4 to 5 S to ro 

Masonry, 4 8 

A dead had on a structure ia one that m put on by imperci^ptibln 

degrees, and that remains steady; such as the weight ai ilm 

^gtructiire itself. 

A live load is one that ia put on suddenly, op aecompanied wftl*| 
vibration; auch as a swift train travelling over a railway bridgOfj 
or a force exerted in a moving machiue. 

EuLB I. — Given, the proporfcioQs of live and dead loud on a 
fttmcture; to find the factor of safety for the mixed lornl; miilU[)lj 
tke factor of safety for a dead load by a, number proportional 



STRESQTB OF UATEBIAI^. 

tliB clead part of the load, and the faetor of safety for a live lou'I 
hy the mimber proportional to the live part of the load; adtl 
together the productaj and divide by the sura of the multipliers. 

ExAMPLEL-^In an iron bridge, suppose dead load : live load 
: : 6 : 4j then (3 x 5) + (6 x 4) = 39; and 3& - (5 + 4) = 4^, 
factor of stifety for mixed load, 

HvLE II. — Given, the breaking load €if s. piece of material ; 
to find the proof load; divide by the factor of safety for a dead 
load. 

Rule ITL — Given, the intended working had on a piece <if 
material; to find the least proper breaking load,' mulbiply by tfa^^ 
proper factor of safety aa found hy Rnle I. ^^^ 

BuiiE IV. — To find the working moduhis or co-efficient of strength ' 
of a given piece of material; divide the modnhia or co-efficient of 
ultimate strength by the proper factol" of aafety. (The co-efficient& 
in thei tahlea of the preceding section relate^ with a few exceptions, 
to nltiiiiatt! strength, or breaking load.) 

2. rBlform Ton«itin.— Rule V. — To find tJie intsrm,ty nf tJm Btr'^ss 
OD a bar hearing a tensile load ; divide the load by the sectional 
area of the bar. 

E.ULE VI. — To find the breaking loadt or the worJdng had, of a 
bar subjected to tension ; multiply the sectional area of the bar by 
the modulus of ultimate or working tenacity, aa the case may 
be (l]a\T,ng due regard in the latter case to the proper factor of 
safety). 

Rule VII. — To find the seotional arm of a bar to bear a ^-ven 
load ; divide the load by the pro])er moduhis. (See Rule IV.) 

Rule VIII, — To find the proportionate ea:te'fision of a stretched 
bar; divide the intensity of the tensile stress by the "modulus oj 
elasticity." (See Tables.) 

To find the elmigation; multiply the length of the bar by the 
proportionate extension. 

K.B. — -This Rule holds only when the load is not beyond the 
proof strength of the material. In applying it to a live load, that 
load miiflt be doubled, so as to reduue it to the equivalent dead 
load. 

Rule IX. — To find the redliffnce of a bar under tension; 
multiply the proof load by half the corresponding elongation : or 
otherwise; multiply the modulus of resilience by half the volume 
of the bar, 

The five preceding Rnlea are applicable when the i-esnltant of 
the atretching load traverses the centre of each cross- section of 
the bar, 

3. tJniAimiiT Taryins TcbbIoh — When the resultant of 
stretching load does not traverse the centre of the croaa-section 

^e bar^ the intensity of the stress will sensibly vary at an uniform 
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rate ; and will be least at tbat edge of the section frotn. whicli the 
' resultant deviiites, and greatest at that edge tovoards ■wticli the 
i-esultaut deviates. The mean intensity will be the same with that 
given by the Buleg of the preceding Article, To find the ratio 
jn which the greatest inteusitj exceeds the mean, proceed as^ 
follows : — 

Rule X,— Mnd the centre of magnitude, of the crOi?s-section ag in 
the Rnlea of pages 81, 82, 83, and 85. Then find ita ce}itre of/jer- 
cnssio?i rehitivuly to the edge from which the resultant load deviatea. 
(See pages 155, 156, 157.) Divide the deviation of the resultant 
of the load from the centre of magnitude by the deviation of that 
centre of percussion frc)m the centre of magnitude. Divide the 
jB^dBtance of the centre of magnitude from the edge towartls which 
0pe reanltant load deviates by the diatance of the ^inie centre from 
the opjHJsite edjje, (In Bymnietncal sections this second quotient 
is = L) MiTltiplj tcgether the two quotients, and to the product 
add 1, (In syintnetrical sections add 1 to the Iji-at quotient.) The 
flum will he the ratio in which the greatest intensity of the stress* 
is greater than the mean iotensitj, 

4. Renliitnnce of Thia Sheila ii» Bunilitg, — Let T denote the radius 

of a thin hollow cylinder, such as the shell of a high pressure 
boiler; t, the thickness of the shell; /] the tenacity of the materialj 
in pounds on tlie aijuure inch; p, the intensity of the preaanre, in 
pounds on the square inchj required to burst the shell. This ought 
to be taken at six tbnes the efieetive working pre^wr&^^ffective 
presBtire meanLug the excess of the pressure from within above the 
pressure from without, which last is usually the atmoi^pheric 
pressure of 14'7 Ihs. on the square inch, or thereabouta. 

Rule XI. — To find the bui-ating pressure of a given thin ct/lin- 
dricfd sbdl ; make 

KuLE XIL — To find the proper proportion of thickness to radius 
for a. given ultimate tenacity and bursting pressure; 



I 



P 
f 



"Value of / for well-made wi-onght-iron boilers, ■with Bingle- 
livetted joints, properly crossed; about 3i,000 lbs. on the square 
inch (Fairbairn). 

Rule XIII. — To find the biTrsting pressure of a tJdn spherica.l 
sfteU; take double tlie bxirsting preBaure of a thin cylindi-ical shi 
of the same radiu.s, thick nt^ss, and material. 

Rule XIV.^ — To find the least proper thickness for a t? 
gpherical shell of a given matei-fal and radius, for a given haSfM 



teat 
hel^^J 
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N 



pressure J take half the coire^tondixig thickness for a cylit 
ehell. 

N.B. — 'When a cylindrical Tjoiler haa bemisplierical cods, it 
advisable to make them as thick as the cyliiidn'caJ baiTel, notwitl 
standing that they are thereby made twice as stroug. 

Rule XV.' — Supiwse a shell of the figure of a segment of « 
sphere to have a circular fian^t round its hase, through which it is 
bolted to a fiange upon a cjlindi'ical shell, or upon another spbericiil 
shell. Let r denote the radina gf the sphere, in inches; /> the 
radius of the circular base of the segmental yhell, in inches; ;?, tlWj 
bursting pressure, in lbs. on the squai-e inch ; then the number aij 
dimeosiona of the bolta by which the fiauge is held should be sue 
that the load required to tear them asuadcr all at once shall be 

3-H16r'2p; 

and the flange itself should requirej in order to crush it, the foUoi 
ing thi'Ufit iu the direction of a tangent to it : — • 

1 



If the segment is a complete hemisphere, r' — r, and th« 
expreasiou becomes = 0. 

&. B«*lafaHce of Thick Sfadla l« JBnrattng, — ^Let H represent 
external and r the interual radixis of a thick hollow cylinder, i 
as a hydraulic press, the tenacity of whoise material hf, and wboflft 
bursting presaure ia p. 

Rule XVI. — To iind the bursting pressure of a given tMi^ 
Ikollow cylinder j make 

_ - B.^-r^ 
^ " -^ ■ R2 + ^ 

TltrLE XYII. — To find the proper proportion of outside to it 
radius for a given tenacity and. bui'sting pressure; make 



= V (^;)- 



The corresponding formnlsa for a thick hollow spjiere are 



Rule XVIIL— p^f' 



113 + 2r3' 



K..XIK- l-^i^-ifSf)- 



6. Rc«intnLii«« Iff i^hfBTin^.— In rivets, keys, pins, bolts, treenB 
and other fastenings exposed to shearing stress, the grcatesiiri 



ss 




For a ^Br»dS^ ^jitjSttxaf jmmBmsHf -^ut iczeic^ 3f -^m -^rmlK 
prodoct jaaSL ^teacaamndL. Haarr —>-='»' •^Mmrrnci aiS •nn^v^ru^.r-it.r^ 
hetweea ea^ ami. yioJaraT -s^ggc •WfifnmTT 

HuLS Yxi — OsmBsaej ■gmi*grfaai* u: rbafiij — 

Di am ie te r far fimttt jem ask iaUf jh. axi^ ^a.^^ aism: ^K&xije 

the AiflpoM. «f loe jiMSt. 
For plates «f kkjf s» jae& ttoik atnl iy»j K «^ aamc «aioe asii 

a-half die ttjtiaew «f lie^ fisse. 

thirJmfBK «£ lite jinvn v* ht cwatfeaed -^ ^ x GuicKa- cf 
the riveC 

Rci£ XXL A. — BicMed Jtiud*. — Hjkke -att jxct msOKal area 
of the tiveto equal to t^ ana «f jidboe left after "^^^-g uie xxt«( 
lioles; <v^ in Brmbols, — 

Liet t denote the tiririrfai of t^ fUxe iron; 
<f, the diamecer of a aret; 

fly thenamberof nwTiof nveti tioaMeta e tothepqll; 
e, thepifdl&oateentzetoeeaireaf dertreteiaoBeriyar; <2k^ 

e = a + 

Each plate is weakened faj the riret holeB in tibe ntio 

e — d '78-54 » «/ 
c ~ / -•- -7654 M <^' 

In "single-rivetted" jofntB, h = 1; in "donble^vettcd" joints, 
» = 2; in "chain-rivetted" jointa, n maj have any ralae greater 
than 1. A siDgie-tiretted joint is weakened by nneqaal distri- 
bution of the tension in the ratio of 4 :5. 

Suppose that in a diain-rivetted jdnt the pitch, c^ is fixed; then 

_ {e-d)t 
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7. RealBtanes to C7oinpKMt«n and Direct Cniablvg. — R^stat!<!& 
to htigiludinal c6mpres»ion,, when the proof stress m not exceeded, 
ia sensibly equal to the resistance to Htretcting, and, is expres§ed 
by the same modulus. When that limit in exceeded, it beoomes 
irregular. (See Rule VIII., jjage 206.) 

The present Article haa reterence to direct and simple crusluDg 
only, aud is limited to thoae cases in which the pillars, blocks 
stmts, or rods alotig which the thrust acta are not so long in. pro- 
portion to their diameter aa to have a aenaible tendency to give way 
by bending aidewaya. Those cases comjjtehend — 

Stone and brick pillars and blocks of ordinary proportions ; 

Pillai-s, rods, and struts of cast iron, in which the length is not 
more than, five times the diameter, approximately; 

Pillars, rods, and struts of wrought ivon, in which the length iff 
not more than ten times the diameter, approximately; 

Pillars, rods, and struts of dry timber, in which the length, is not 
more than about twenty times the diameter. 

In fiuch cases the Kules of this Section, from V. to TIL^ 
and aho Rule X. (pages 20^, 207), are approximately applicable, 
atibstituting tJinist for te/ision, and using the proper modulus of 
resistance to direct cmshiiig instead of the tenacity. 

Blocks whose lengths are leas than, about onee-and-a-half their 
diameter offer greater resistance to crushing than that given by 
the Kulesj but in what propoi'tion is uncertain, 

8. Streiaatli of LoBit Strata nnil PillHn — Long struts and pillars 
give way by bending sidewaya and breaking across. Let P be the 
breaking load of aueh a pillar; S, its sectional area; I, ita length; r, 
the least ntdius of iji/ration of its cross-section (see page 154); J'an.d. 
Cf two co-efficienta depending on the material ; then 

Role XXII. — For a strut or pillar fixed in dii-ectioa at both 
ends, 

P / 

S 



1 + 






Btjle XXIII, — For a strut or pillar jointed at both ends; 
P / 



1 + 






m 



E-UIE XXIT. — For a atnit or pillar jointed at one end and fixed 
at the other; 

P _^ / 

S 



1 + 



IG^g 
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/ « 

Lbs. <m the Sqckre Inch. 

Malleable iron,.. .5^,000 36,000 

Cast iron,..,. 80,000 3,200 

Dry timber, ,,.. 7,200 3,000 

Takle op Yalotes of r^ for Diffekekt Forms of 
Cross- Section. 

Solid rectangle ; least dimen- \ 
sion = A;....,.,,..,. jt 

Thin square cell; side =; Aj.... 

Thin lectangular cell; ) 
breadth, 6; deptb, A; f 

Solid cylinder; diameter ^ A} 

Thiti hollow cylinder; dia- ) 
meters; A;.. , f 

Angle iron of equal ribs; \ 
breadth of each =: 6 ;..,.,. J 

Angle iron of unequal riba; i 
greater, 6, leas, h; / 

Oros9 of equal arms ; . . . , ^ 

H-iron; breadth of flanges, \ 
bi theirjointarea, B; area > 
of web, A; 

Channel iron; depth of" 
flanges -j- ^ thickucsa of f^s 
"web. A; area of web, B; of 
flsngea, Aj 

Barlow rail; cross -sectiou 
comjjoscd of two quad- 
rants of radiuB K, mea- 
sured to middle of thick- 
ness, connected by a table 
of sectional area ^ joint 
area of quadrants x '273 ; 

Pair of Bai'low raila as above, 
ri vetted base to baae ;..,,.. 

Circular segment of radius 
B and length 2 R ^; 



A2 ^ la 

A* ^ 6. 

A^ _ A + 3 6 

12" h-i-b" 

A^ -T- 16. 



J» -I- 24 

&2 A2 - 12 (&« + A^X 
A2 ^ 24. 



13 A-rB* 

VliJ(A + B)^4(A + B)2J 



R^ -I- 7 nearly. 



•393 R^. 
cos i sin i 



sin^ & \ 



E-2 



9. BeBlauitice «f Tnb«» In CollapkJHC.— EULS XXV. — CoIla|)Siug 

reasure iu lbs. on the square inch = 

9,672,000 thiekpess^ ^ 
length 54 diameter ' 
the dim.euaiona being in the same units of meaBure, 
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Wiien tubes aro stiffened hj rings, the length in. the rtde is to 
be nieaaured from ring to ring. 

10. Action *f A TmuBVi^rMi T4«ad «ii m. VcniM. — 1.£ the load tOT\' 
slsta of eevei-al juirts, find the resultant load by the Kulea of Ruil 
v., page Uj4, «nd Parij IV., page 153. Then find the a»jjpor% 
/brcM by the proper nile (XIX- J in page 1C3. 

Rule XXV L — To find the sfieavmy actians exerted in a series of 
intervttla of the length of the beam:— 

Ci^!^ie I.^ — If the loaded part of the beam projects outward from 
ita point of supportj and the load is applied at detached points, tbe 
shearing action iu the outermost interval is equal to tite load li 
tlif! outermost point. 

To the aheariKg action in any interval add the load applit-nl at 
the inner end of that interval j the sum will be the dowuwsJxi 
shearing action in the ne3£t interval inwards. 

Fur a distributed load, in symbols; let (fa; be an interval of the 
length; w, the load per unit of length; P, the shearing action at 
the distance ^ inward^ from the outermost loaded point; then 



^=/; 



'dx. 



Cuae II, — If the loaded part of the beam lies between its punl* 
of aujiportj and tlie load is applieil at detaehf^d poiuts ; the tipwunl 
shearing action in the interval next one of the points of Hui.'i>«ti 
is equal to the ^njiporting force at that point. 

From the shearing action in any interval subtract the 
applied at the point next beyond that intei'^al; the sura will H 
the shearing action in the Interval next beyond. 

For a distributed load, in symbols; let P^ be the auppOP 
preasure at the end where the calculations commence, anil F| 
shearing action at the distance x from that end ; then 



F 



=T.-/: 



w d Ok 



Hemai^k. — In calculating the series of shearing actions in U 
IL, a point ia reached where the shearing action, changes its ^ 
tion, as ahown by its algebraical sign changing from positive 
negative. This in the point where the ioad divides (as in pS 
171). At the further end of the simu the shearing action h«[9 
in amount to the BU]*jjortiug force at that end, but of oonti* 
Blgebmical sign. Let t be the span; P;, the supporting force a* ' 
further end ; and F{, the shearing action cloae to that end; tlieft 



- r*'- f'^wdx== -Vr, 



and this formula serves as a check on the accuracy of the 
tioas bj the preceding tormijla.. 
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"^ HtJLE XXVTT, — To fliid the bending movients exerted at a series ^ 
of jwintiJ in the length of the beiitn Multiply the length of each 
interval by the shearing (iction exerted in that interval ; add 
together the products corresponding to the interval 9 which lie be- 
tween one end of the beam and the point where the bending 
moment is required; the sum will be the i-eq aired bending 
moment 

In symbols, let M be the bending moment at the distance « from 
one end of the benm ; then 



=/: 



M= Fdax 



TtEMARK. — The accuracy of the calciiIfttJon of the bcndjng 
tnoments at a series of points may be checked by trying whether 
at the further end of the span the bending moment vaniiihcs; 
that is 



M,= /; 



Fdx = 0. 



EuLE XXYIII. — To find the grecUest bending memenf; ttiko 
the bending momeiit at the pouit where the load divides; thut ia> 
where F = 0. 

For tables of the comparative valnes of different uniiit of bending 
moment, see pageg 104, 110, 113. 

11. Explauattou af the TAblc at Bitiuiiplc*. — W, total load; l^ 
length of beam fixed at one end, or span of beam supported at both 
ends; F, shearing action, and M, bending moment, at distances' 
from one end ; x\, distance from one end at which shearing action 
is gi'eatest; k, ratio of gi*eateet Rhearing action to totsil load W; 
sc'o, distance froin eame end at which F = and M = a uTaximum; 
m, ratio of maximum bending moment to W I. That is to say, 
let Fj = greatest shearing action, and Mg = greatest bending 
moment; then F^ = kW; M^, = mW i. 

To trausiform the expressions in the following taible, Cmca IV. 
to YII., which are suited for co-ordinattis measured from one 
point of support of a beam supported at both ends, into expreasions 
suited for co-ordinateg measured from the middle of the beani, 
let c be the haff-i^jxtn, and substitute 2 c for l, e — x for a;', and 
c + X for I — so' J throughout the whole of that part of the 
table. 

12. Trarelllnir Load «U tt Beam — A beam of the Span I 19 8Up* 

ported at the two ends ; a permanent load of the uniform intensity 
of w lbs. per lineal foot in distributed over it An additional load, 
BUch as the weight of a railway train, of w' Ibd. per lineal foot, 
gi-adualJy ixills on to the beam from one end, co\*ering it at last 
from end to end, and then roils off at the other end. (For the 
ooQtinuation of this Article see page 2L6,) 
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IluLS 3CXIX.- — The Gi'Kitest Shearing Action at a given 
llBCtioti t)cenn$ when the longer of tlie two segments into wbieh it 
divides the beam is loaded with the travelling loud as well as witb 
the pjTHnu^nt h>ail, and the shorter loaded with the permaneTit 
load only. Let F' denote tlmt action, and x' the distance of 
BCCticin in qncstlou from the ooairer end of the beam j then 



^-(|-'^) + '^-^- 



¥' ^ wx-}~ 



4c 



^H Let ss be tlie ditrtsnca of the cross~s«ction in question from tim 

^B middle of the beam, tmd c the half'SiJan j then 

m T.. _^^'{c-\-^7 

■ wh 

■ the 

n the 



The Greatest Sending Mome^U at a given cro.Ha- section occ 
when the whole sjiin is loaded with the travelling load, atid j| 
therefore given by Case YI. of the table ; viz., 

_ {w + v^)ai{l — x) _ (w+k/) (e^ ~ vc^) 



Kemaril — If the traTclling load ja liable to rush suddenlr/ onl 
the bridge, like a swift milway train, its actual weight should 
doubled in taking the value of w\ in order to reduce it to 
equivalent steady load; iind when this has been done, the factor < 
safety employed in further calculations may be that suited for< 
dead load. 

13. Th(r moment aI" Retiaiance of a Beam at a given cross-i 
ought to be at least equal to the greatest bending moment. 

PtULE XXX. ^ — In a skeleton bmm, congistiug of stringers 
braces only (see fig. 72, page 160), to find the moment of res 
anceatagiven joint; multiply the aectlonal area of the string 
opposite that joint by the greateat safe intensity of stress alougl 
(tensile or compressive as the ease may he) and by the perpendici: 
distance of the ccutre line of the stri.uger from the joint; the Jul 
duet will btt the required moment of resistance. 

Rule XXXI. — In a tkin-webbed beam with parallel flan^cff 
along the edges of the web (in other words, of a thin -webbed I- 
shaped section) the flange which becomes convex by the beodiniT 
of the boani is stretched, and that which becomes concave coni* 
pi-essed. Multiply the sectional area of each flange by the greatwA 
safe stress along it (tension or thrust according 05 theflanpi* 
stretched or compressed); then multiply the lesser of tlie two pro- 
ducts by the perpendicular distance between the centre lines of 1 
flanges; the final product will be the required moment of 
ance, approximateltf. In thia method the moment of resii 
of the web is neglected. 
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.E. For the besrt; economy of materiiil, the two profliicta first 
J mentioned should be equal to each other. The crosa- section of the 
beam is theii said to be of eqitnl strength. 

Rule XXXII. — In a solid beam, to find the moment of 
resistance at a given CTOSS-section '. — 

Step L — Find the neutral axis of the cross-section by taking ita 
centre of magnitude (see pages 81 to 8i), and drawing through 
that point a straight line peipendicular to the plane in which the 
bending of thp beam takes place. 

Step 2. — Find the (/^fiietricid momeni of inertia of the cross- 
section relatively to ita neiitrai axis, by dividing that section into 
narrow strips parallel to the neutral axis, mnltiplyicg the area of 
each atiip by the sqiaaro of its distance fi-oin the neutral axia, and 
adding the prodncts together. (In Rules I., II,, and III. of jHige 
154, put '' cross-aection " for "body," and "area" for "mass," 
and those mlea become applicable to the present purpose.) In 
symbols, let y be the distance of auy strip tram the nentt'al axis; s, 
its length parallel to that axis; dp, ita breadth ; an* 1 1, the geometri- 
cal moment of inertia of the section j then I = \ y^ zdy {=sn'hh\ 

■where h is the breadth^ h the depth, and »' a factor depending oa 
' the form of section). Also, let S be the sectional area, and r the 
1 radias of gyration of the section i-elatively to ita neutral axis (see 
page 211)3 then I j=r^ S, 

Btep 3. — Divide the gi'eatest safe tensile stress on the material 
by the git^atest distance of the stretched particles of the cross- 
aection from the neutral axis, and the gi-eatest ftafe compressive 
Btresa by the greatest distance of the compressed particles from 
the neHtial axis; multiply the lesser of tho;^ quotients by tlie 
moment of inertia of the crosa-aectionj the product will be the 
required moment of resistance. 

In symbols, let y^ aad i/j be the greatest distances of compres,sed 
and stretched particles from the neutral axis; /, and/j, the greatest 

aafe thrust and tension on those particles respectively; let ^ stand 

Vi 

f /« 
for the lesser of the twO' quotients ^ ^"j ^ ; 

, refdstance ia f j 

r whei 



then the moment oi' 



S'l 



where ■?» is a factor depending on the form of etxws-section, 
jreis^on for the moment of resistance is as follows : — 



Ml ^ 



Another 
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in 'whicli 3 is the Area of tke cross'seetion^ and g & suItaUfi 
uumHtical factor. 

For the best economy of material, the two quotieats ought to b« 
equal , that in to say, 

yi y- y* a * 

This gives a cross-aectum o/efual strength. 

Examples of the Nuhericax. Factoss. 



Ywnn of CfCM-Bectioiii. 



(iucludiag square) 

II. EIlipBe— 

verticid axis li, .,.--■>• 
Homontal oxufi....... 

(mciuduig dxcle) 

HL Hollow rectangle, b h — b' h'i^ 
also I - formed section, 
where h' is the smn gf the 
lireadtliB of the lateral 
lioUowB,. 



IV. follow tsqaare, 
}i^-h% 

V, Hollow eUipBe^ . 



VI, Hollow cirda,. 



B' = 



ftA*- 



12 



64 20-4 

= 0K)491 



'_yi 



12 \ 6AV 



I2A AV 



20 '4V 6A» -? 



VII, laoacelea triangle; base 5, | 
hRight ft J yi Tneanured > 
from ammnit,--.. ,-.,-...-.. J 



20*4 V h}} 



~/bk* 



TT 1 

32 10-2 

= 0-0982 









-;('4-) ! 

1 / ^oB 
-i-fi-^r 
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streifgth of beams. ^^^^ s19 

Form of Cross-Sectioh; 

1 
L Rectangle,.... , ^ 

II. Ellipae and. circle^ ....,, 

8* 

IlL Hollow rectangle, ,, ,,, 

S = bh-b'h'; also I-sbaped l _ *A: 

section, b' being the sum of ^ /*^ 

the deptta of the lateral „/. b' h'\' 

lioUows, "v ~ Vh) 

lY. HoHow square, S = A^ - A'^,,... ^ (^1 ''^tO' 

y. Do., veiy ttin (approx.), -^. 

VL Ho.W...p«„ 1(1 - wVC -*^> 

'TL HoUow circle, ,.. ^ 6 + ^^\ 

Da, very thin (approx.), 

IX , T-ehnped si*ction; flange A, (G + 4 A 

web C; S = A. + C (approx.), g (q ^ a) (Q + ^ A) 

X. I - shaped section ] flanges A, B ; 
webC;S = A + B + C; the 

S, A. Do., do., the beam sup- 

™aed to give wayat the flange (.^^.^4^^3jj3^3 

XX I-Rhaped Bection; with eqnal 

flanges; A=B;S=.C + 2A ^ {^ , 4A \ 
(approx.),.......... 6 V C + 2 A/" 

14. Cra«»i4ccti«]ts of E^mtl fMrength have already been mentioned. 
ie followiug rules are applicable where the beam in I -shaped, con- 
iting of a vertical web, rectangular or nearly so in aection, with 
of small depth compared with the depth of the web, running 

mg its tipper and lower edgea> 
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N 



Let f,^ be the greatest safe tlimst ; yj, the greatest safe tension; 
y„ nntl yf^ the distiitice from the aeutm.! axis to the centres of the 
cofnpitJHsetl and sti*etched flatigcs resi>ectivelyj h = j/g + yj^ the 
depth between the centres of the Sanges; A and B, the secfcioniil 
areas of the compresaed and stretched flanges reaj^ectivelyj; C, the 
sectional area of the web mesijui'cd from centre to centre of the 
flanges. 

Rutfi JXXXIII.— /a greater than ^i (as in (Mist ironjv G'm 
Aj 0; to find B; 

Remark. — The moment of resistance is 

M -^ h (X JV + (3/1 -/,) ^ } = A {/. B _ (/. _ 2/,) ^ }1 

In practice, /i^ E is often used as an approximation to this 
niomeDt, 

Rule XXXIII a.— ^ leas than^ (aa in ■wrought itxjn). Giren, 
B, Cj to find A| 

A =-^' • B +"^^-"^" ^• 
Remabk. — The moment of resistance is 
M = a{/,E + (3/,-/J?} = a{/,A + (2/.-/,)1' 

In designing I -shaped beams, fix C by considerations of prai5- 
tical convenience, and then find A aud B so as to give the requiwii 
moment of resistance. 

15, lLionKiliidlii«l (Ireiionn «f BSqnM Sireiigtfa. — RuLE XX5IV-— , 
To give a beam a longitudinal section of equal strength, muke iAi 
or h S, at different points of the length of the beam, vary [niipor- 
tionaily to M^ taking cai-e near the pointa of support to iai^* 
enmigh of material to re.Hist the shearing action. 

To effect this with the greatest economy of material, It^t the 
depth, A, be uniform, and niako the breadth, 6^ or the Bections.! area, 
S, vary projxivtionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constaut, and make h vary proportionally 
to ,y Mj or Itit S be contitant, and make h vary proportionaily 
toM. 

16. All«wnnc« f*r Welglit <of BcaM.— RULB XXXV. ^Let V 

be the external working load, de^d, live, or mixed, on a beam; /, i*^ 

factor 
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load. Haviug fixed the depth beforeliand, calculate a promdonal 
breackh, or a provmofiai sectioital area, suited to bear safely the 
external load alone; and theDco compute a provisional weight for 
the beam, — say B'. Thea increase the breadthj or the sectional 
i»rea, m the following ratio ; — 



22tfl 



W 



«' W' — «B' 



ind the beam '^U safely bear its own weight in addition to 
"given exteraal load, 

EtJLE XXXVI. — Given, the span l^ weight B, and external 
working load W of an actual beam of a given sort; to find 
limiting span, L, of a beam of the same aortj and with the 
proportion (h -^ I) of depth to span, which will juat bear its own 
weight safely and no more. 



> th»^| 

ernal-^H 

a the ^ 
same 



L = 



6' W'+sB 



KuxE XXX YII. — Givettj for a certain sort of beam, witli a 
iven proportion, h ~ /, of depth to span, the span if and the, 
imiting span, L, of similar beams; to estimate the probable pro- J 
>rtion of weight of beam to external load; 



B_ 
W 



I 



L — l 



I 



17. Dcflccilan of B«iiiia.-^EULG XXXYIII.— To find the Cifn^\ 
attire (that is the reciprocal of the radius of cnrvatnte) of an 
originally straight beam at a given cras3-section. 

Case I. — ^The bending moment given. Divide the bending 

omeut by the moment of inertia of the given croas-aectiou (aee 

Article 13 of this section, page 317), and by the modulus of elasticity 

of the matetiat la symbols, let r he the radius of curvatmie; then 



EI 



Case II, — The cross-section under its proof etrcGS. Divide the 
proof stress {f^) by the distance of the most severely strained 
particles from the neutral axis, and by the modulus of elasticity j,i 
the quotient will be the proof curvature; 





STBSHGTS OF HkTEBIAlS. 

In cros»-i«6tiom of<equai ^rength the proof curvature is 

1 f.±f, 
r "^ B A ' 

"Rule XXXIX. — To find the elope of the hcam (originally level) 
at a given point, Di^nde the length of the beam into email 
intervals (d x); multiply the length of each iutei'val by the curva- 

ture at its centre ( giving the product ■ — 1 ; a,dd together the 

products for the intervals from a point where the beam, continues 
horizontal to the point where the slope is required^ the euui 

(i = j — 1 will be the required dope. 

Rule XL.^To find the deflection. Multiply the length 
each email interval by its slope (obtaining the product i d x); adti 
together those pioducts for the intervals extending betwecu the 

highest and lowest points of the beam, the sum (« = i id x) "will 

be the required deflection. 

The preceding la the general method. The following are special 
rules:'— 

Let c be the h(df-»pan of a beam supported at both ends, or the 
length of a beam fixed at one end; A, the extreme depth, and 6, the 
extreme breadth of the beam ; W, any given load j y^, the proof 
stress; or/^the proof thrust, and/^jthe proof tension, in crosg-seetioQS 
of equal strength ; mi' A, the distance of the most severely straiiK-"d 
layer from the neutiul axis; «' 6 A*, the moment of inertia of the 
greatest croaa-seetion ; m", n", nt", «.'", numerical multipliers. 

Kt'LE XLL — Steepest slope under proof loadj 



ILU 

ill 



m" /i c 



E wi 



'A' \ 



(/. +/^) '^' 



EA 



)■ 



BuLE XLIL — Proof deflection; 

Eh 



^'i-Em'A^ V EA )' 



KuLB XLIIL— Steepest slope under a given loadj Wj 

. _ m'" Wc^ 
*'i ~ E 71' 6 43" 

HuiE XLIY. — Deflection under a given load, W ; 



1/, = 



n'" W cs 
E 71' 6 M' 
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Case, 



I 
I 



X, Unifobm CbjDss-Sectios. 

X CoBstantMomentof Flex- \ ^ 

ure, } 

IL FvKed at one end, loaded 1 1 

atotker,.......' [ 2 

III Fixed at one end, xmi- ) 1 

formly loaded, J 3 

rV. Supported at both ends, 1 1 

loaded in middle, / 2 

Y. Supported at both ends, \ | 

uniformly loaded, / ^ 



Proof LoB^ ^^'^^ 

Slope. Deflettion. Slope. Deflectioo. 



1 



B. ■0NiroRM Strength ahb TJni- 
FOBH Depth, 

(The curvattii-e of the^e is uniform). 
YI. FiJEed at one end, loaded 1 

at otter, - J 

YH. Fixed at one end, uui- ) 

fonnly loaded, J 

YIIL Supported at both ends, \ 

loaded in middle, J 

IX. Supported at both endsj 1 
uniformly loaded, / 

0. Uniform Strength ahb TJni- 

FOEM BftEAHTB, 

X Fixed at one end, loaded \ 

at other.......... -••• 1 

XL Fixed at one end, uni- 1 jn^nitg 

formly loaded, .......... | 

XII. Supported at both ends, \ 

loaded in roiddle, J u 

XIII. Supported at both ends, \ j.g^Qg 0'5708 0-3927 
uniformly loaded, ..,,.,/ 




1427 




J 
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BTREXGTH OF MATERIAIS, 



Rule XLV. — Given, tlie half span, c, and the interuhti proof] 
dsflectioji, v^, of a proposed beam; to find tlie pi"oper value of the, 
greatest d^ptli, h^'j m&ke 

(lalsiiig 7^" frora the preceding table, and making m' Uq as before, 
denote the distance fi-oni the layer in which tlie stress isf^ to the 
neutral axis.) 

If the cross-section, is to be of eqvial atrength, make 



K = 






J 



Rule XLTI. — To deduce the greatest stress io a given layer of 
& heum from the deflection found by experiment. 

Let h be the depth of the beam at the iiectioii of greatest stress, 
and 3/ the distance from the neutml axis of that section to that 
layer of tlie beam at which the greatest streas is required :- — 

Cf the half-span of a beam supported at both ends^ or the 
of the loaded jiart of a, beam supported at one end; 
n", the factor tor proof deflection, already explained; 
E, the modulus of elasticity of the material; 
V, the observed deiectiouji 
then the intensity of the required stress is 



HuLE XLYII. — To find the rssUiencs of a beam loadod at one 
point; multiply halt" the proof load by the proof deflection. 

IB, raiiiiiinvns «lrAer«.— In the following rules the girder 10 
supposed to he of uniform cross-section, and to be contiwuoua over 
two or more piei'S. The half-span of one bay is denoted by c; the 
fixed load per unit of span by w; the travelling load ]>er unit of 
span, if brought on slowly, by ifj'; if the travelliug load cornea oa 
suddenly, w' must he understood to stand for the eq^uiviilent dcjid 
load; that is twice the actual ti-avelling load per unit of Bi>an. The 
moment of resistance of the iniiform crosa-section ia to be adapted 
to the moat severe bending moment. 

EuLE XLTJII.— To titid the bending moment at mid-span 
(Mg), and the revei-se bending moment over each pier ( — M^), when 
every span is loaded with the travelling load ; 



M„ = 



(w + w') c^ 



Mi = 



(w + w') ^ 



cosmmjans GiauERS— abched eibs. 
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Rule XLIS, — To find the said "bending momeTit when the span 
under couaideration is loaded with the travelliag load and the 
adjoining spans with the weight of the bridge only; 



M„ = 



(mj + 2 w') e^ Tir ^ (^ w + «?') c^ 



Mi=- 



6 



Every coutimioua girder bridge haa two end baya at which the 
oontinuity stops; and these must he of less span than the inter- 
mediate bays. 

KuLB L.— The proper span of an end bay should be not leisa than. 

^ A/ W77, — (*"^ ^^ ^^ ^ ^^ lig^Oi ^^*^ ^°* greater than 



3w 



(1 + 'V/ „-, i r, J (or it will be too wealfV 
V 3 (io -H W3 )/ ^ ^ 



To calculate the proof dfi/leciion of continuous girders, use Eule 
.5LIT., page 323, with the followiog values of the multiplier **"; 



Every span folly loaded,. 



One span fully loaded; the adjoining spans loaded | 
with the weight of the bridge alone; the lesser ■ 
of the two following factors, ,.... 



1 
8 

4 lij "F 8 to' 

w + 3 K?' 
8 wj- 4:^D' 



19, ANhed Bifaa. — In the following rule the rib, of iron or 
timber, is supposed to have it3 centre line of the fonii of a paiuhola> 
of the half-span, c, and rise, k. The sectional area of the rib at its 
crown ia denoted by A, and at other points that area is supposed 
to vary aa the secant of the inclination of the rib to the horizon. 
The depth of the rib, A, ia supposed uniform. The moment of 
resistance of the lib to cross-bi-eaking is supposed to be denoted by 
/j 5 A A; q being the multiplier of which values are given in page 
219. The uniform fixed load per unit of span, ia denoted by w; 
i&nd the travelling load per unit of span, if gradually jiut on, by itf; 
if suddenly put on, wj' denot-es iimc& the actual travelling load per 
unit of span. The rib is supposed to he jointed at the crown and 
at the springing. 

Bdle LI. — When the rib is fully loaded, to find the horizontal 
thrust (H), and the intensity of the stress (p), 

^^ («.' + wy)c2 H 
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SntENOTH OF HATER tAia, 



"Rule LIT.— When one-lmlfof the span only ia loaded with tlie 
travelling load, the horizontal thrust is, 



5'«* 



H'=(» + n.1' 



Alsoj let ^^^^ = M' ; then the yrecUegt iatenslt j of stress Is 



K-^")- 



HEitARjL — That greatest stress ia compressive; and ia exerteil 
near tli« mifldle of the length of the inner edge of the unloaJtid 
lialf of the rib, and of the outer edge of the loaded half. 

Rule LIII. — Given, the greatest safe atreas, /^; to find tJie 

proper area, A, for the rib at its crown j calculate the two foUow- 

M' 
ing quantities: H as in Rule LI.j and H' + — r' as in Rule LIL; 

divide the lesser of them by/aj the quotient will be the required 
area. 

20. stitfcnJiLg dirdor Rule LIV,— To find the proper mojnmt 

of resistaiwe for a stiffening girder for a suspension bridge; calcu- 
late M' a3 m Rule LIL The greatest sJtearituj actiQn. in tbtttj 

girder is — — . 

The stifi'enin^ girder ia liable to be bent upwards and down- 
wards alterniiteJy ; uud therefore it should be mode alike al 
aud btilovv. 

21. Ke«iatanc0 to VitJxiiiis. — Let k be the ex^temal diftnieter ' 
shaft j A', the iuttrnal diameter (if it is hollow); j", a modulus 
stress. 

Rule LV. — Moment of resistanoe of 



a solid cylindrical shaft, 0-1 96 /A^. 

a hollow cylindrical abaft, ....0' 196/^ ' — 



;*'* 



a solid, square shaft, .Q-28f h^. 

Rule LYI, — To find the thickness of a shaft which sh^ 
a given moment of resistance to twisting, M, 

solid cylindrical shaft, h = >v/ f ^ , J ; 
LqUow cjlindrical abaft, h' =nhi h= aY (/yrng-Ti "jii\7 '] 
solid square shaft, h^ a/ t a T ob / J- 



SHAFTS^BUCKXED PLATES — SUSPElSfSroN BBlDGES. 



m 



StrsBS in Ltm. on the Sgnsrs lucli. 
Breaking. 'Work!i;B. 

Cast iron^...,.,,-. ,...,.... ,27,700 4,000 to 4,500 

Wrought iron, SOjOoo 8,000 to 9,000 

KuLE LYII. — When bending and twisting actions are coni- 
jined on one shaftj let M be the bending moment, and T the 
twisting TOoment; then make the shaft of the diameter suited to 

siat the following tmMing 7noment : — 

M + ^ (M2 + T=), 

KutE LTIIL — The a^^0le of torsion of a bar, whether cylindrical 

or sqiiarej when mider the proof stress f'j is -i-r i in which I is 

the length, and h the thickness of the bat^ and C the modulus of ^ 
trans vei-se elasticity. 

23. Bockied piawfc— KuLE LIX. — Tq calculate the load uni- 
formly diatributed over a hiicfeled plate, which will crush itj the 
iplate being square, and fastened all round the edgea. Multiply 
the depth to which the plafce is buckled by the square of the thick- 
ness, both in inches and by 165; the product will be the crashing 
load in tons, nearly. Central load which cruflhea a. buckled plate, 

about ^ of uniformly distributed load- 

23. fiH«pcnBiou bridges. — As to the horizontal tension, see page 
173. As to stiffening girders, see page 326, 

E.tJLB LX. — Given, the working horizontal tension, H, the half 
span, a;, and the depression, y, of the chain or cable; to calculate the 
weight of a hiilf-apin of it. (Factor of safety, 6.) 

Ha: 

For the strongeat wire cables, make C = 



For cable iron chains, make C == 



4,50U feet^ 
Has 



3,000 feet 



Tlien for a chain, or cable of uniform cross-seciion, the weight of a 
lialf-apaa ia 



<y=o(i+l^y. 



and for a chain or cable of uniform sireTigth (the area varying as 
the tension) the weight of a half-apan is 



c- = c(i + *!,). 



m 



PART VIL 



MACHINES IN GENEEAL. 



Section I> — EutEs kelating to the Compaiusok of Moth 



1. ra0ti«> mi n Foipt. — As to meastiTea of speed of advance, 
linear velocity, and of speed of turiiitigf or angular velocity, sew 
page lt)2. In the following rules, when not otherwise specified, 
linear velocity is supposed to bo expressed in feci per second, and 
angular velocity in circular limoBure per second. Linear velocitie* 
and angular velocities are represented by Jinea, and compounded 
and resolved, like forces and couples. (See pages 158 to 163,) If 

there be three bodiesj 1, 2, and 
"^^ 3, and 3 Las a given motiou 
relatively to 2, and 3 a gi\*ii 
motion relatively to 1, the 
resultant of those two -motiona 
is tho motion, of 3 relatively 
to 1. 

^ pj^gg ^ .KULB I. (See % 86.)- 

^' ■ Given, the velocity and direc- 

tion, A E, of the motion of a point, A ; bo find the comiionent of that 
velocity along a given line, X A X ; fi-oui Bj let tall B C perpen- 
dicular to X X ; A will be the required component. In symbols; 

AG = ABeoaCAR 

EuLE 11/^ — A point moves in a curve of a given radius (r) with 
a given linear velocity (u); to find the aiigular velocity of revolution^ 
divide the Linear velocity by the radius, In fiymbols; 



Rule III, — In the aame case, to find the rcU^ of deviation! 
divide the square of the linear velocity by the I'adiusj or otherwise, 
multiply tbe square of the angular velocity by the radius. laj 
Hymbola; 



rate of deviation = ~ = a^r. 
r 



UOTION OF A lUam BODY. 



2. TrnflBintiAn of » Bfgtii Badr is that kind of motion in wMch 
all poiuta iti tlio body move witli (jqtial velocities and in pajaJlel 
directioTia along equal and similar patlia, ati^aiglit or curved. 

Rule IY. — During tmnslation the rdatit>& motion of two points 
in a rigid body ia = 0, Their comparaiivs jnotion at any instant 
oonsiatg in equality of speed and identity of direction. 

5. BotaiiAii of a Rigid Bodr. — RuLE V. — Given, an axis of 
rotation in a rigid body, and the angular velocity of rotd.tjon' to 
iind the direction and velocity of the nrotion qf any point in the 
body. Let fall a periwndicnlar from the point on the axis ; the 
required direetioti will be perpend icidar to that perpendicular and 
to the axis ; and the required velocity will he the product of tlie 
atigi.ilar velocity into tbe length of that perpendicular, 

Eltle VI. — Given, the linear velocity of a point in a rigid body 
rotating about an axis^ to find the angular velocity] divide the 
linear velocity by the perpendicular distance of the point from the 
axisf. 

Rule VII. — Given, an axis of rotation, and two points not in 
that axis; to find the camjxtrative motion of those two points. The 
ratio of their velocities, or vdodty-talio, is equal to the ratio of their i 
l^erpendicular distances from the axis. 

Rule VIII. — A rigid body moves parallel to a given plane, and 
the directions of motion of two pointii in it are given; to find its 
axis of rotation, if any. 

If the two points are not in one plane i>arallel to the given plane 
of motion, take their projections on such a plane (A, B, in figs. 87, 
d8, 89) J the motions of those projectiona will be identical with 




.-:i: 




fchose of the original points. In each figure the arrows represent 
the given directions of motion of the points- 
Case I. — DiiTBctione not parallel (fig. 87). Perpendicular to the 
i given directions, draw A O, B 0, cutting each other io O; the 
required axis will traverse O, and be peipendicidar to the plane 
motion. 



ofj 
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Ciise n. — Directions parallel to each other, and not perpen- 
dicular to line of connection, A B, Iq this case the motion is one 
pf translation, and there is no axis. 

Case III. — Directiong perfjendicvilar to A B. (See fige. 88, 89,] 
In this case the problem is indeterminate unless the Teloeity-MiJo 
of A and B is given. Then di-aw A Ta, E Vt, in the directions of 
motion of A and B, aiid bearing to each other the given ratio; draw 
the straight line V^ Vt, cutting A B (produced if necessary) in 0; 
this will give the position of the required axiii. 

REMAaK.^The axis found by Rule VIII, may be either p^ 
tnanent or inatantaneoim. 

Rule IX. (See fig. 90.) — In a. body rotating with a givea 
speed about a given axis, O, to fiud tijs 
component, in a given directioflj B A, 
jjerpendicular to that axis, of the velocity 
of a point, A, On A B let fall the pe^ 
pendicular O B, and multiply its length 
by the angitlar velocity. 

4. at oUon of R<|[ldlr-CviiDi>cli;d PvMfc— 

A pair of ixfints, A and B (fig. 91), ai* 
so connected that their distance fromaacb 
other, A B, is invariable. 



Fig. SO, 



Fip-. 91. 



Rule X. — Given, the directions, A a and B b, of the motionfl cf 
a pair of rigidly-connected points at a given instant ; required, tlieif 
velocity- ratio. Draw the straight line of connection A B, lunl 
produce it if neceissaty. Then lay off in it any convenieot eq^ 
diatancea, A C = B D. Through C and D draw periiendiculawl 
the line of wnnectionj cutting A a and B i iu E and F, "~~ 
velocity of A : velocity of E : : A E : B K 

5. Faints In midiiig Conraet.— In fig. DiJ let A B and C D 
Bent a pair of Bmootli aurtaisea tii»n\u^ in sliding contact, and 



UECHAinBaL 



mark the position of the pair of particles which at a given 
justaut touct each other. 

Rule XL — Given, the directions T V^ 
It&d T Yg of the motions of the con- 
igiious particles; to find the ratio of their 
relocitiea. At tlie point of coutaet 
draw T TJ of any convenient length 
nonaal to the two sutfaces at that point. 
Thi-oiigh U draw TJ Yj V^ parallel to 
jthe common tangent plane of those sur- 
;3, and cutting the dii*ections of motion 



the contiguous particles in Vj and Tg, 
rticle 1 : Telocity of particle 2 : : T Vj : 1 Y, 



Then Telocity of 



Section II. — Bules RELArnra to Mechakisil 

1. Ballings cantacti^The conditions of rolling contact between^ 
|wo pieces in a machine (such as two smooth wheals, or a sniooth 
F^heel and a sliding har) are as follows : — If the two pieces turn. 
Ikbout axegj the two aa^ea and the ati-aight line of contact of the two 
)iece9 mnijt be in the same plane, and must either be parallel or 
intersect in one point If one jiiece turns on an axis, aud the 
jther slides, the axis and the line of contact must be paruUel to each 
jther, in one plane perpendiculai* to the direction of sliding. 
KuLE I. — Two pieces (smooth wheels) are to turn in rolling 
jntact with each other about a |jair of parallel axes, with a. given 
itio of angular velocities; say that of a : 6. To find the position 
jf the line of contact of the pkch-mtrfaces ; let c Ije the line of 
'eentrea; that is, the periiendicular distance betweea the axes; thea^ 
the distances of each point of contact are, — 

b e 
From the axis about which the angular velocity is as a; -, ; 

From the axia about which the angular velocity is aa &; - — ,. 

In other words, the radii are inversdy as tfte angtdar vdoctiies. 
Rule II. — A rotating piece (such as a smooth wheel) and a 
ftliding piece move in rolling contact Given, the angukf velocity 
jf the rolling piece ; to find the linear velocity of the aliditig [liece j, 
lultiply the angular velocity of the rolling piece by the perpen- 
icular distance from its axis to the line of contact of the 
)itch-Burfaces. 

BuLE III.— Given, the ratio of the angular velocities of two 
mieal or smooth bevel wheels about their axes (which meet r 
tKiint); to find the line of contact of the pitch- suriacea c^ 



i 



itucmsss ns gbsvkal. 



M^eeU. In fig. 93 let O A, C be tbe two axes, mtersectmg 
O. Lay off ou those axes, a, O 6, retTpectivelf pTOportioual 

the angular velocities of 
wheels wbich are to turn al 
them. Complete the parallelo' 
gram O b c a; the diagonal 
O f (produced as fax aa w- 
quired) wiO be the line of ©?»• 
tact of the two pitch-surfaces; 
and those surfaces will be 
cones made by sweeping that 




Fig. 93. 



line round the two axes respect! velj. 
^L % skrw-Brroi Wheels. — The piteh-3urfaces of skew-bevel wheels 
^K- are liyperboloids, genoruted by the revolution of the line rf. 
contact ubout each of the axes, to which it is neither parallel 
intersecting. 

Rule I V.< — The directions and positions of the axes being giwE, 
and the required angular velocity-ratio, a ; £, it is required to 

iiud the obliquUies of the line of con- 
tact to the two axes, and its letuit 
perpendicular distances fixna tkw 
axes. 

In fig. 94 let A B, I> be 
two axes, and Q K their commoi 
perpendicular, 

CJn any plane normal to the oom- 
tnon |)erpf;udiculaT draw a & || A R 
c rf II C D, in which take lengths ^ 
the fallowing proportions;— 

h : '.hp : h q; 




Fig. 94. 



I 



complete the iJarallelogram A p c ^, and draw itn diagonal, i A J 
<lHie line of contact, E H F, will be parallel to that diagonal. 

From p let fall p m perpendicular to /* e. Then divide 
common perpendicular, G Kj in the ratio given by the pTOportioo 
equation, 



and the two segments thi^s found will be the I^t distances of tlie 
line of contact from the axes. 

The first pitch-aurfaoe is generated by the rotation of the lilWj 
E H F about the axis A B, with the Rid i us vector G H; 
Becond, by the rotation of the same Hne about the axis G D, 
the mdius vector H. K. 



Ul 
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OF WHEELS. 
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3. 'Teeih of Wheeto.— RuLE V, — To fiud tlie Uasi thicknesa 
suitable for tlie teeth of a wheel. Divide tbe pressure to be traiis- 
luitted by 1,500 lbs., ixud extmot the square yoot of the quotient 
for the thieki;ess on the pitch-circle in iuches. 

RuLK VI. — To find the Imtit pilch suited for the teeth of a wheel j 
miiltiply the least thickness on the pitch-line by 2^. 

Rule TII. — To find the hast breadth suited for the teeth of a 
"wheel; divide the pressure to be tmnsniitted, iu lbs,, by 160, and 
by the pitch in inches; the quotie'ot will be tiie required breadth 
in inches. 

Rule VIII, — To find the jiroper circumference for a wheel; 
rnultiply the pitch by the intended number of teeth. 

Rule IX-- — To set out inmluU teeth. In fig. 95 let C^, C, be 
the centres of two circular wheels whose pitch circles are B^, By 
Thi-Qugh the pitch-poiat, I, draw the intended liw& of co7ineGtimi^\ 
Fj Pjj, making the angle C I P = ^ with the line of eentres. Thia 
angle is nsnally about 75° From C^, C2, draw 

Cj^i = TG^ ■ ain fl, C'Pg = TQ^ ■ sin tf, 

perpendicular to P, Pg, with which two peipendiculars as radii, 
describe circles (called base circles), D^, D^. The proportions of j 
the triangles, Cj I Pj, Co I P^, are in 
practice nearly as follows : — 

65 : 63 : 16 : : I : C P : I P. 

Make a circuW mould of the figure of one 
of the base circlesj D ; wmp a cord raund 
the edge of it ; make fast one end of the 
eortl, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord, 
the point will trace the figure of a tooth 
for the wheel to which the base circle 
■faelongia;. 

All involntc teoth of the same pitch 
woi'k smoofclily together. 

To mark the path of contact of the teeth ; 

/ (\% \ ' 

lay off a distance equal to the pitch x sin i f say = ^i- pitch J, along 

Pj^ P„ in either direction from I. The distance of the tip of a tooth 
of either wheel from the centre of that wheel is equal to the dis- 
tance from that centi'e to the further end of the path of contact. 

The teeth of a rackf to work coircctly with wheels having invo- ' 
lute teeth, should have plane suiface^ perpendicular to the line of 
connection, and consequently making, with the direction of motion 
of the rack, angles equal to the be fore- mentioned angle tf. 

The smallest possQiie number of involute teeth in a piniou is the 




Fig. 9o. 



234 



ICACHmES IK O^NEBAIk 



wtole number nexi above 2 *=■ tan S, 




Wlien tan ^ = ttt, tiai 
16 



number ia 25. 

KuLE X.— To set out epicydoidal teetJi. Make two moiilch of 
the iigure of the pitch-circle of the wheel, one convex, the other 
concave. Make a circular disc called the descrihing circle, with a 
traciug'pomt in its circumference; the usual size of the describing 
circle ia such that ita circumference is six tunes tfie pitchy and its 
radius therefoi*e = pitch x 0'955, To trace the yila^is of the teeth, 
roll the describing circle inside the concave moiildj to trace their 
faceSj roll it outside the convex ijionld. 

In fig. 06 let B 6 be the pitch-circle ; C I C, part of a radium pf 

the wheel ; E, the deambing circle 
when inside the pi tcli -circle; E', 
the deacriting circle when outsiJe 
the pitch-circle. On the cii-cutn- 
ferences of the describing circles lay 
offi D = I D' = the pitch; D will 
'/-^ be the inner end of the flank of a 

tooth, and D' the outer end of the 
face of a tooth. 

All wheels having epicydoidal 
teeth sot out with the same pitch 
and the same describing circle work 
accurately together. 

The enmllejst practicable pinion 
Jiaving epicydoidal teeth iis that 
the circiimference of whose pitch- 
circle ia twice that of the describing 
circle. Accord ing to uaual proportions, it has twelve teeth. Their 
flanks are i-adial straight lines. 

Rule XL — To set out ap- 
prosdnuite epicydoidal teeiA; 
let p denote the pitch, n 
the n umbel- of teetli in the 
whed. 

In fig. 97 let E C be the 
part of the piteh-eircle, A the 
]>oint where a tooth is to 
croBs it Set off A B = AC 



V%. 96. 



Fig. OT 



» ^. Draw radii of the pitch-circle, D B, E C. DraAv F B, C Gj 
making angles of 75|° with those radii, in wliich take 



Knimd F, with the radius P A, draw the circular arc A H; this 
will be the face of the tooth. Round G, with tlio radius O A, 
draw tlie circular arc G Kj this will be the flank of the tooth..; 
(See Willis On Meekanism,.') 

4. Screws. — E.ULE X1L~ To find the advance oi a acrow corre-^ 
sponding to a given number of turns j miiltiply that number by' 
the pitch (rneasiired pamllel to the axis, between correspomdiiig 
pointa on two successive turns of the thread). 

Rule XIII. — Given, the pitch of a Hcrewj to find the obliquity 
of the thread to the axis at a given distance fi-oin the axis; 
multiply that distance by G'2833 (so as to find the corresponding! 
eircuwference), and divide by the pit<:li; the quotient will be thttj 
tangent of the required obbquity. 

Rule XI Y, — To find the normal pitch of a screw (measured 
perpeudieularly to the thread) at a given diataiice, r, from the axis; 
iet^ be the pitch; then 

Normal pitch = — ^^-^^^ 

Rule XV. — To make two screws of given numbers of threJida 
and given cylindrical pitch - surfacea g-sar together; make t!ie 
normal pitches of the screws proportional to their numbers ofl 
thresdsj and the angle l>ctween their axes equal to the sum of the! 
obliquitiea of their threads, if both arc right-handed or both left- 
handed ; or equal to the difference of those obliquities if one screw] 
is right-haTided and the other left-handed. 

N.B. — The angular velocities of two gea'.ing screws are inversely] 
aa their numbei-a of threa.d8. 

5. Pniicra and Bnnds (whether belts, cords, or chains). — Rule 
XTI. — ^To find the ratio of die speed of turning of two pulleys 
connected by a band. Measure the e^'nctive radii of the pulleys 
from the axis of each to the centre line of the band; then the 
speeds of turning will be invei*sely aa the radii. 

Rule XV IL — ^To design a pair of (apej-irig speed-cones, so that] 
the belt may fit equally tight in, all positions. 



Fig. ua. 
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Case I. — Belt crossed (fig. 98). Uae a pair of equal and simikr 
cones tapering oppoaito way a. 

Crtse I L— Belt uncrossed (fig. 99 ) Use a. pair of equal and 
aimilar oonoida tapering opposite ways, and bui^hig in tlie mMldle 
according to the following formula: — Let c denote tlie distance 
betwcsen the axes of the conoids; r^^ the radius at the larger end M 
each; r^, the radium at tlie smaller end; then the radius in ^, 
middie, i*^, is found aa follows; — 



±Ii i (^1 - '"s)' 



2 



6 :itic 



r6, KtfnkirArk. — Wh^ii two pins are connected together by a link 
or Gon-wscthig-Tod, to find tlieir velocity-ratio at any iiisteTit^ us? 
Rule X, of tho preceding Section (see page 230), tiikiug the centres 
of tlie pins as a pair q{ rlyklf y-coivnt^cied poirds. 
When the fioints thua connected move in one plane, nse Hole 
VIII. of the preceding Section to find the iiisiantaiiemisaxkai^iii 
link; the velocities of the connected points will be proportional to 
tlieir jierpeudicular disstancea from that axis. Shovild the triaugk' 
formed by the connected points and their instanttineous centre be 
inconveniently large, proceed as follows:— 

IEuLE XVIII. — Draw any tnangla having one side jtarallel to 
the line of connection or centre-line of the link, and the other two 
aides respectively i^'pendicular to the directions of motion of die 
connected points j the last two sides will bo proportional to tlifl 
velocities of those points. 
ExAUPiE, — Crank and rittoji-Eod,—Jn fig. 100 let K T^ bei 
piston-rod; T^, its head ; CTj,i 




crank; T^, the crank-pin ; TjTj, 
the conn ecting- rod . Th rough T^ 
draw Tj K perpendicular to E T,, 
and produce T^, the intei^eu- 
tion, K, of those straight liuw 
will hfi the insitantaneons ceuW 
of the connecting-rod j and if r. 
and t'g be the velocities of T^ atui 
Tg Respectively, v^ • rg : ; K Tj ; 
otherwise ; thru ugh C 



KT. 



draw C A perpendienlar to R In 



and cutting the line of connection, T^ Tg (produced if necet^saiyl 
A, Then Uj : u^ : : C A i Tg. 1 

7. Pw«Hel M«UflM*,— EuLE XIX. — Given (in fig. 10 1), the 
of motion, G D, of a piston-rod, the middle position of its hcad,'i 
and the centre, A, of a lev^er which, in its middle position, A D 
jjej'jjendicular to D G ; to Hud the radius of the lever, so that 





PARALLEL UOTIO^B. 

link contiecting it with B shall deTiate equaUj- to tte two aides of 
Gr D during the motion ; also, the length of the liuL 

Mate D E^ i stroke- 
join A E] and perpendicu- 
lar to it, di-aw E F cutting 
A D produced in F; A F 
"will be the required mdius. 
Join F Bj thia will be the 
link. 

KuLE XX.— Given, the 
data and veaults of Rule 
XIX.; also the point, G, 
"where tlie middle ponition 
of a second lever coimected 
■with tlie eame link cuts 
G D: to find the second 
lever, so that the two est- 
treme positions of B shall 
lie in the same straight line, 
G B D, with the middle 
position. ^g IQI 

Through G di-aw a 
straight line, L G K, pcr^eiiclicidar te G D ; pi*oduce P B till it 
cuts that line in L ; this jxjint will be one end of the required 
second lever at mid-atroke, and F L will be the entire link 
Then in B G lay off D H = G B ; join A H, and produce it 
til! it cuts L K G in K , this will be tlic centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of iti3 jjoaitions 
are near enough to that line 
for practical purposes. 

liuLB XXI. — Given (in fig. 

jiOS), the main centre. A, the 

liddle position of the mmn 

VST, A F, the piston-rod-head, 

and ita length of stroke; the 

IB, A F, of the lever, and 

10 viain Unh, F B, having been 

)und by Rule XIX. Let the 

ire re[)fe9ent those parts at 

lid-stroke; and let it be re- 

lired to construct a parallel 

lotion consisting of a parallel- 



■F. 
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jrutn, C E D F (in which C E = F B is called the ^ardld 





I 



and B E = F C the Hck link), and a radiug leveTf or bridl'S, H E, 
jointed tAt the imgle E of tbe imrallelograiit 

Draw the stnngUt line A B, cutting the back link D E in G ; 
theo by Rala XX. tiud the lever H E, Buch that the middle anJ 
extreme |toaition8 of G shall lie in one straight line. 

(The p>int G sliowa where a pump- rod may, if convenient, be 
JDiated to the hack link). 

B. ni<»ck* mud Tackle— RUI.E XXII. — The ratio of the velodtr 
of the fall of a tackle to the velocity of the raomng Moc/c is eciuaJ 
to the number of plies of rope by which the iixud and moving 
blocks ai-o connected with each other. 

9. i*igi«H>. — The area of a piston is to be mea&uiied on a plane 
per{>eudicular to its dii'ection. of motion. The stroke of a piaton 
moving in a straight line may be measnred along the line of motion 
of any point in the piston^ when it moves in rv circle the stroke 
is to be measured on the line described by the centime of the area. 

KuLE XXIII. — To find the volume swept by a piston per stroke; 
multii>ly the stroke by the area. 

EuLE XXIY.— Two pistons have an invariable volume of flniii 
between themj to find the ratio of their velocities j take 
reciprocal of the ratio of their areas. 

Section III. — RixLEa relating to Work at Unifosh ami 
Periodicaii Spbeu. 

1. c;«ncnii PrincipicB.— In E machine moving at an unifoti 
speed the driving and resisting forces are balanced. If the 
is varied, hut in such a manner that the variations are periodic^ 
Tiiean driving and reaiating forces during one period, or completie 
revolution, are bfilanced. The energy exerted is equal to 
whole work performed; in the former caae, at alj[ times; in 
latter, during any whole number of periods or rerolutiona. As( 
units of work, see page 103. 

% CoDipniaiion of WwIl Doiie.^To Compute the qnanti^ 
work done : — - 

Rule I. — When a weight is lifted to a given height ; — multip 
the weight by the height. 

BtTLE II. — When a body shifts tbrough a given distance 
a given force : — 

Case I. If the force is directly opposed to the motion (being! 
dii'^ct resistancBJj multiply the force by the distance moved; 

Case II. If the force is obliquely opposed to the motion ; eitl 
resolve the force into a irssistance dii-ectly opposed to the motio 
and a lateral force perpendicular to the motion (see page 160, ~ 
VIII.), and multiply the resistance by the distance moved; 
otherwise: — reaolvo the motion into a dir&:t componeiit op| 
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to the entire (ovce., and a transverse compmient at right an;*Ies to 
it, aud multiply the entire ibree by the dii-ect component of the 
motion. (In symbttls, let F be the force, s the distance movedj 
tf the sngle of oVtlJquity ; then work done = F s cos tf). 

KuLE III. — When a rotating body turns through a given angle 
against a resisting couple of a given moment (see pp. 104, 161) : — 

Multiply that moment by the extent of turning in eirculsir 
measure. (See page 103,) 

EuLE IV. < — When a piston movea against a pressure of a given 
intensity (see p. 103): — 

Multiply that intenaity by the -volume ffwepi by the piston. (See 
page 338, Kule XXIII.) 

Remark, — The unit of volume and unit of intensity should be 
adajjted to each other, so that the product of tlieir numhers may 
express units of work, Tor example :— 

Unit cf Inbenalty. tTnit of Volnmft. Unit of "Work. 

Lbs. on the square foot. Cubic foot, Foot-pound. 

Lbs. on the square inch. I ^|l^™ ■^,*!- I do, 

( X i m. X 1 in. J 

Lbs. on the circular inch, I , ^J'^^^J^?'^ 1 /*- I do, 

I long X I m, diam. J 

Kilo, on the square mBtre. Cubic metre, Kilogrammfetra 

3. C«inpttiatf4^ii *f EnergT« ^ftwew, nnd EdBcleucy. — (I.) When a 
given weight descenda through a given height, or (II,) a given 
force drives a body shifting through a given distance, or (III.) a 
rotating body 13 driven by a couple of a given moment, or (IV.) 
a piston is driven by a pressure of a given intenaity, the rules 
are the same as in the preceding Article^ except that for resiniance 
is to be put efort, or driving force, and for work done, energy exerled. 

For stoj'scl or polential energy , use the same rules, subijtituting 
possible for actual motions. 

Rule Y,- — To find the energy Tvhich miiat be exerted to make 
ft machine perform a given motioti at an uniform or periodical 
spaed against given rcsiatances. Find, by the rules of th« preced' 
ing article, the quantities of work done during the given motion 
against the resisting forces, and add them together; the sum will be 
the total imrk done, to which the en^gy ^'^ ^^ eoserted will be equaL 

As to Ptncer, see page 104. 

Rule VI. — To find the Ej^ciency of a machino; distinguish the 
reaistauces, and the work done against them, into useful and wastfi- 
ful; then divide the usefvl work by the iot<d work; the quotient 
will be the efficiency. 

Rule VII. — To find the efficiency of a train of machines; mul- 
tiply together the efficienciea of the elementary machinea of which 
th.e train consists. 
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4, €*tmpauM«m vf DrlTlhg V^icck — Supjxtse a machine to^ 
driven against given resifitaoces by an effbri or driving force applied 
at, aud in the directitm of moticm of, the driving point; and. that it 
ifl required bo &]d the effort which will maiiitaiii an uniform speed 

Ruus Vlll. — Find the mwrgy to be exerted, by Rule T., aad 
divide it by the space moved throagh by the driving point;— ffl' 

Rule VIII, A. — Find, by the principles of mechauism (see 8eo- 
tion I, <3i this part^ pages ^31 to 238), the ratios of the velocities 
of the several woTkiruf pmrUs^ whei-e resistances are ov^eix!otae, totb 
velocity of the driving point. Multiply each direct resistance by 
the velocity -ratio belonging to its point of application, and 
togetlier the products; the sum will be the required effort 

Re:.>tAKKS. — This is called 'Wedttcinf/ i/tie resistances to tfte dm 
jxnnV Rule Vlll. a. may be applied to a machine cjipable i 
motion, though not actually moviug; it is then railed the *'^>rtJi- 
cipte of virtual ixlocUies." When only one resistance is overeoiu^ 
the effort and resistance ai-e to each other invei^y aa the velo- 
cities of their jjoints of application. 

5. ifwiKtiom iii MacbiB^ — RuLE IX. — To Calculate the resistaoce 
of Mctiou to the ahding of two surfaces (when the pressure is doI 
BO gteat as to grinil the surfaces, or force out the unguent), ma 
tiply the {vmouM of the load, or direct pressure between the i 
faces, by tlte co-ejieisnt of friction. 

I^xplanalion oftlie Table. — ^j angle of repose; f^^ tan jl, 
cient of friction; 1 ly^ootan ^ reciprocai of that eo-eJficieut, 



^V(K)d oa wood, dry,. 

,, ,, aoapedf 

Mi.-t«l« OQ oak, dry,,,.... 

ti tt wet,,,.".". 

)i )t soapy,.....,. 

Metata on elm, dry, 

Hemp OD oak, dry........................ 

i, .1 wet, 

Iveirtlier on oak, 

Leatber on meul^ diy,. 

•t »i w«t,. 

)t »i greasy,-.. - 

„ ,, oily.............. 

MctaU OD metJalH, dry,. ........ .........< 

^, „ wet and clean,.,.,.. 

,, ,, damp and Bliin_v.,,.. 

Smooth sur£ices, oocasiDnally greased^ 

„ ,, Condnnaliy p««8ed, 

,, ,, best results,. ...,...-.. 

Bronze on lignum t"itEe, oanslaJitly wet, 



14° to zSi*" 


■25 to -5 


Il4^t0 2^ 


•2 to -04 


261" to 31" 


•5 to -Q 


i3i' to Ht' 


'24 to '26 


Hi 


•z 


ii4°to 14" 


■2 to 25 


28=* 


■53 


iS4° 


'33 


rS°toi9i° 


'zr to -38 


agr 


•56 


20° 


•36 


'3! 


•23 


84° 


IS 


84=to ni° 


■15 to -2 


164^ 


■3 


8" 


"H 


4° t" 44=* 


'07 to -08 


.J . 


'OS 


if* to 2"* 


■03 to •036 


3°^ 


■05 T 
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FEtCTTOS — HAIiAjrCHTO MACHISElir. 

Tq order that tbe load may neither grind tLe Bttrfoces nor (ot 
iut the uugueat of tlie beaiinga of machinery, the pressure ia to 
imited by the foUowiiig rules ; in which^ by turea of h'iaring 
lesint the product of the length and diameter of a cylindiical 
iring; althoygh the real area on which pressures acta is mud 
laUer. 

Hui^ X. — Add 20 to the velocity of sliding in feet jser minute,^ 
id divide 44,800 by the sura; the quotient will be the greatest 
jroper intensity of pressure in 11*3. on the square inch, with the 
i further limitation that the intcnbity is in no caao to exceed 1,200 
hlb:}. ou the square inch. 

Hole XI. — To calculate the nwwncnJ of/rktioft of an axle; 
lultiply the resultant load by the radiua of the axle, and by the 
le of the angle of repose (whidti is sensibly equal to the co-efl&cient 
9f frictiun). ^M 

6, Puller and smp. — Let Tj^ be the tension at the tighter side o^| 
le strap, and T^ the tension at the slacker side, so that Tj — T^ 
the force to be exerted between the strap and pulley; altto let c 
the arc of Cfmtact between the strap and jiultey, in fm^tionft^l 
>f a circumference, and/ the co-efficient of friction, ^| 

HuLE XIL — GiveUj c, f and the force Tj - T^,; to find tlio 
jnsiong, greatest, least, and mean. Let N be the number corre- 
anding to the common logarithm 2'73/cj then 



T„ = 



N 



N - 1 



2^ _ I C^i " ^o) f 



Tj + % N 4- 1 



2 



2 (N - 1) 



'(Ti-r,). 



Kemark. — Whether the calculation relates to driving belts or t( 
tmp-bnikes, the co-efficient, /, should be estimated on the fiuppoai 
ion of the surfaces being oUy; Bay 0-lG for leather on metfd, and 
i'08 for metal on metal. 

7. BnbuiciPii Af ]Tiaeiiiti«rr- — In a. machine every piece which 
iiTLS on an axis should, as hu- as postiibk, have its re-actiona 

lanced. 

Rule XIIL— In oi-der that there may be no tendency to shift 
je axis, airange the weights that turti together about it ao that 
leir common centre of gravity shall be in the axis. (This 
>U8titiiteH a "standing balance") 

Rule XlV. — In order thiit there may be no tendency to t«rn 
ie axis into Tiiiying dii-ections; multiply each of the nitisses that 
, together tibout the axis by its armt or perjMandlcular diatam 
the axis. Regard the products as representing forces, 
illing the axis towards the mass to which that product belon 
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and aiiuuge tbe masses ao that the momenta of tkoae forc^ bI 
buknctj eticli othei*. 

BdLES Xm and XIV, are thus expressed algebraically. At 
fixed point in the axia of rotatiuii, let three planes fixed relatively 
to the r*>tating raasses cut each other at right angka ; two inter- 
aectiug each other in the axis, and the third perpendicular to itti 
Let m be any one of the masises which rotate with one aagoUr 
velocitj about the axis, and x, ^, z, its distances from the fii^ 
second, and third plaueii reapectivulj. Then for a standinj 
balance, make 

2 ' m aj =;^ Oi S * ni y = 0; 
and for a running balance, make also 

Smsa; = 0; ^ ' ni z y ~ 0. 

8. WaHt mt THvibifiie B«r«e.— RuLB XY. — To find the work I 
against a varying resiatjince, or the energy exerted by a var 
effort. Constract a dmgram in which intervals of the leag 
base-line, shall repitiaent distunces, and breadths or ordinates i 
represent forces acting thi-ough those distaiicea. The area of 1 
diagram (measured by the Rules of imgea tJ4, 65, 66, 67) 
represent the work done, or the energy exerted. The comn 
tiapezoidal Ride, Dj page 67, is usually accurate enough fur tt 
purpoiie. 

Remark. — If intervals of the length be taken to repr 
volumes swept through by a piston, und breadths to i-epp 
intensitiefl of preisaure (as in page 239), the area of the diagranr 
still rtpi-esent work done or energy exerted. 

Rule XVI, — To find the mean value of the varying for 
divide the area of the diagram by its length, so as to tind its 
breadth; thm will represent the vequii-ed mean force. 

9. RfwIiiRlance «n I^luvs ef r,ii.iid-€arrln«c:<— RuLE XVII.— T^ 
find the resistance of a load drawn on a line of conveyance by hiM 
to the co-e£icieid of Tmhtance on a leml {/) add the sine of 
inclination (i) if ascending (or subtract that sine if tlie incliuflt 
is descending) ; multiply the load by the sum (or differeuL-e). 

In symbola, let W bo the load, R the resistance; then 

R = (/=i=t)W. 



Values of tee Coefficiemt of EESisTAJtcE os a Let 

L Roads. — Let v be the velocity in feet i>er second ; r^ the 
ot the wheels of the carriage in inches; theo 

h{v ^ 3-28) 



/ = 



(Morin). 



EBSISTAKCS ON ROiXig A»D BAILWAYS. 



For good broken stone roads, < . 
For pavements, < J^™^ 



■55/ 

•27 

■39 



■023 

■068 
03 



Values ofyj from experiments by Sir Jobn Macneill, — 
Sandy and graTelJy ^Tound, '14; gravel road, '07; 
Broken etone road, fram '03 to '02; pavement, '015. 
II. EaUways* — Let Y be the speed in miles an hour; tben 

/ = from -0037 to '004 ^1 + ^^Y 
On curves, add to tlie above value of^J 
For caiTiages with parallel axles, 



3-3 



radiua in feet^ 



For carriajjes with moveable axles, — ,. — = — , 

radius in feet 

HuLE XYIII, — To calculate the probable adhes^ion of a locomotiv€ 
engine ; multiply the weight which rests on the driving wheels by 

the co-efficient of adhesion ( =^ about -J, In syiubolg, let E be 

the weight of the engine, q the fraction resting on driving wheels ; 
1 then 




m 
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OfiDTSTAfir Weights of Locomotive Esgihes* 



JVeighia of Engines idth aeparais Teiiders, — 
(Tbs Trader wolgtu teem lo to is tot*} 
Karrow gauge paaaenger locomotives, aix- \ 
wheeled, with one pair of Jriviog wheels, j 
Do, do. do. miii^ally heavy, 

Brottd gauge passenger locomotive, eight- j 
wheeled, with one pair of driving wteela > 

8 feet in diameter, ...^ \ 

Croods locomotive, from four to six wheels, ( 
coupled, J 



ToBs. 
19 to 23 

24 to 27 

35 



27 to 32 
dVi^Ais 0/ Taiilc £nginea, earring Fuel and Waler, — 



For light traffic on branch lines, 

For heavy ti'affic on ateep iaclined pianos, ) 
with from six. to twelve wheels, J 



tons. 
12 to 20 

40 to 60 



RcTLE XIX. — To calculate the greatest tractive Jijraa (P) of » 
locomotive engine aacending a given gradient Multiply tbe 
weight of the engine (E) by the Bine of the inclination (*), und 
subtract the product from the adhesion. In symbols,— 



P = 



= (?-') 



R 



In order that an engine may be able to draw a given load, P mnsJ 
"be not less than R, (Rule XTI.) That is to say, on ther«i*i 
gradi&rd, let E be the weight of the heavieat engine, T that of 
heaviest load drawn behind the engine; then 



(?-)e=(/..)t. 



Hence the following rjilea : — 

EULB XX.— Given, q, %/j then T q 

7"* 

?E 
KuLE XXL— Given, E, g, T,/; then i = 7 ~ -^ ^ 

K + T"' 

■ Proper weight of rails, iii Ha, t« the yard = 15 x greateat lo*J 
driving wlieel io tona. 
Weight o£ a chau-j comaioa = 1 foot of rail; joint = fmm 11 to It' 
U-EuL 
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BULE XXII. — To find the total work done by a locomotive 
engine in a given time; multiply the resistance of engine and train 
as tannages by the distance run, for the ™?t work; then multiply 
by about 1;^, to allow for resistance of mechauism of engine. In 
symbolsj let x be the distance run; then 

Total work = 1^ a: (/=i= t) (E + T). 



Sw[?nos- lY.^RuLEs belatistg to Taeyihg Spied. 

1. Oenerai principiM, — An unbalanced force applied to a body 
productiS change of momentum equal in amount to and coincident 
in direction with the impulse exerted by the forca Itfipulm is the 
product of the fot'ce in absolute units (see page 104) into the time 
during which it iicta in seconds. Mam&iniujti is the product of tlie 
TOas3 of a body into its velocity in units of distance per second. 
The nnit of mass is the mass of an unit of freight — such as a pound 
avoirduiwia, or a kilogramme. A body receiving an impnlisc n?-a«te 
against the body giving the impulse, with an equal and opposite 
impulse. 

2. Accclerailnii and Bctftrdatlnii. — KtjLe: I, — To £nd what impulse 

is required to produce a given change in the velocity of a given 
mass ; multiply the weight of the mass by the change in its velocity, 
in uititfl of distance per second, 

(If the change eonsista iii acceleration, the inipiTlse must be 
forward; if in i-etardation, backward,) 

EuLE II, — To find what enerffy must be exerted upon or taken 
away from a given mass to produce a given increase or diminution 
<>f its velocity; find the impulse required; divide it by the number 
of absolute unity of force in the weight of an unit of mass, and 
multiply the quotient by half the mean velocity during the 
change ;^ — or oihervnse: multiply the weight of the mass by the 
change in the value of the iuiff-squ^r^ of its velocity, and divide by 
the number of absolute units of force ia the weight of an unit 
of mass. 

Remark. — Absolute units of force in the weight of an unit of 
mass; in British Measures (velocities being in feet per Bccond), 
32 '3 nearly: in French Measures (velocities being in metres per 
aecond), 9 "809 nearly. (See page 104.) This constant is denoted 
by g* and sometinifs called "gramlij. 

* More cataot fonmila for g, 

3 = ffi (1 — 0'002S4c»a2M fl - —V 
in which gi = 32'1S95 iu Britiah Measnreo, or 9'S051 ia French Meaauresj 
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Rcia HL — To €i,lf«hty tlie aetual energy of a moving ma 
M riUf i y its we^^t bj tiho lnlf-«i|ii&re of its velocity, and dlfids 

IUtlx it. — ^To Gtlcolftte what onbakuiced effort, or utiliapki] 

« IIk ease maj be, is required to produce a giret 
or diminiitxm of & bodj'i speed, in a gi%*ea time, or iii_«_ 
gjmi distence. 

Que I. — If tlie feme is given; multiplj the weight of ilie 
Ij itscliaiige of vdocitjj divide bj g, and by the time in s»x>iida 

due IL — If the ditJanee is givea ; midtiply the weight of tbe 
ma&s bj the change in tbe hAlf-square of its velocity, and divide b/ 
jf, ftnd bj the distance. 

Kuis V. — To find the re-acthn of an accelenited or retarded 
body; find, by Rule IV., the force required to produce the cbaii 
of velocity ; tlie re-action will be eqiial and opposite. 

Remark. — The momentrini, energy, and re-aetiou of & bodyj 
any fignre underling translation are the same as if its wb 
mass were ooncentrated at its centre of gravity. 

3. ttrwimtra Mw«l«a mmit CcnlrJlHsvl Fvrce — - To make a 
move iu a curve, some othei" body must guide it by exei-ting cm' 
a dadatinff j'orce directed buwai-ds the centre of curvatura Tte 
revolving body re-acts on the guidiug body with an equal 
opposite ogTitriJifgcil force. 

Rule VI.— To (ind the deviating and centrifugsil force 
given nia::3s revolving with a given velocity in a circle of a f 
radius. Multiply the weight of the mass by the Bquara of itJ* 
linear velocity, and divide by the radios ; — or othenciae: multiply the 
mass by the square of its angular velocity of revolution (see pag^ 
228), and viuUipl^ by the radius:— the result will be the value ofi 
the deviating and centrifugal forces in absolute units, which 
be converted into units of weight by dividing by g. 

Rehahe,^ — The Twultaiii ceiUrifugal farce of a rigid body of 
shape is the same in amount and direction {though not the 
in diatribution) as if the whole mass were collected at its oeat 
gravity. 

RuLK YII. — To find the height of a. revolving pendulum wbi 

makes a given nnmber of revolutions per Bcoond; divide -tj^ 
tho square of the number of tie volutions per second. ( Approjti 
valuefl. of ^ 2, being the height of the pendulum, which 

^1 latttiide of the place ; obaennnff that when 2 X becomeB obtiise, tic i 
contaming it is to tie added instead of being subttacted ; /i, heigiit ttb<>"l 
hvel of the sea; and R, tho earth'^ n^v» = 20,900^000 feet^ or 6)37111' 
learly. 
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II One revointion per second; 0'815 foot = 9T8 indies = 0'248 
ll metre nearlj^.) 

N.B. — The kelgfU of a revolving pendulum is measured ver- 
tjeally, from the lovel of its centre of pTiWty to tlie level of the 
jjoint where the lints of suapeuaion cuta the axis of revolution. 

i. BaiaUng Radiea— vir-Wheeia — As to the moment of itiertifi 
of a body turning about an axis, see pages 154 to 156. 

Rule VI 1L — To find the anff^tdaT itiofnentuwi of a rotating 
body ; multiply its moment of inertia by its tingular velocity in 
circular measure (See page 102.) 

RuLK IX. — To find the achial fmjurgy of a rot.atiiig body; 
■multiply either its angukr momentum^ by half its angular velocity, 
or its moment of inertia by the half-square of its angular velocity; 
divide the product by g. 

Rule X, — To find the moment of the couple required in order 
to produce a given change in the angular velocity of a rotating 
body, in the course of a given time, or of a given angnlay motion, 
as the case may be. 

Case I. — If the time is given ; divide the change of angular j 
momentum by ^, and by the time in aeconds. 

Case II. — If the angular motiou is given ; divide th^ change of 
sictual eiiei^ by the angular motion in circular measure. 

Rule XL — Given, the alternate exceaa and deficiency (d E) of 
energy exerted as compared with work performed in a machine; 
to find the moment of inertia of ?ijty-wli^^ such that the fluctuation 
of sjjced (or difference between, the greatest and least speed) ahail 

not exceed a given fraction of the mean speed (say - J. Let a b« 

the mean angular velocity of the fly-wheel, I its required moment 
of inei-tia; then 



Ordinary values of m, from 30 to 60 nearly ; of m ^, in British 
Measures, from about 1,000 to 2,(t00. 

Table of values of the ratio of the alteinate excess and deficiency 

of energy, ji E, to the whole work per revolution, 1 Y d s, in 
Hteam-engtues of various kinds (Moriu). 

liength of connecting rod 

Length of cmnk ~ ^ 

^E-^ j Vda = '105 -iiS 'is^j -133 



mm 
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Expansive Condexsing Engines. 
Conuecting rod = crank x 5. 
Frftction of stroke at | i i i t 

3 4 5^ 

■163 rjs 178 '(84 



■which steam ia cut off j 



ExPAlfSITE NOB-CONDElffSllfO iLvGIWEa. 



Steam cut off at 



'160 



3 

-186 



'209 



'232 



For double (jylitideT expansive engines, the valtie of the ratio 
A E -=- / P c? » iTiay be taken as equal to that for single cylinder 
non-expaDBive engines. 

For tools working <U intervgi$, rach as punching, slotting, anrl 
plate-cutting machines, coining pressea, ttc-j A E iu nearly equal to 
the whole work pei-fornied at ewch operation. 

5. Faiiiim Wadic".— The following rules apply to a, body iiilling 
without sensible resistance fii:)ni the air;' — 

Rule Xll. — To tiutl the velocity acquired at the end of a given 
time; multiply the time by p. (See page 345.) 

Rule 5II1, — To find the height of fall in a given time j multiply 

the square of the time by - g. 



™ 



ErULE XIV. — To find the height of fall corresponding (or "due 
to a given velocity; divide the halt-Bsquare tif the velocity by g. 

KuLE XV. — To find the velocity due to a given height ; multiply 
the height by 2 ^, and extract the square root (or, in. British 
Measiires, multiply the square root of the height in feet by 8020 
for the velocity in feet per second; ar, in French Measures, mul- 
tiply the square root of the height in metrts by 4-429 for the 
velocity^ in metres per second). 

Table or Heights due to Velocities. 

Ha^ilanatian of St/ntbols. 

V ^ Telocity in feet per second. 
h = Height in feet = v^ 4- 64-4, 

ThiR table is exact for latitude 54''f , and near enough to 
^6sa for practical pnrpuaea in all parts of the emlh's surface. 
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I 


*°^533 


a 


■062 1 1 


B 


■13975 


4 


■24845 


5 


'38820 


6 


■55901 


7 


■76087 


8 


•99379 


9 


1*2578 


1©^ 


i^SS^S 


^ 


1-8789 


^ 


2*2360 


T3 


2*6242 


1 4 


3 •'=435 


IS 


3'493^ 


i6 


3*9753 


I? 


4-4876 


i8 


5-0311 


19 


5-6056 


20 


6*2112 


21 


6*8478 


3Z 


7-5155 


33 


8-2143 


24 


8 '944 1 


25 


97050 


26 


10*497 



w 


h 


V 


h 


37 


11*320 


54 


45-380 


s8 


12*174 


56 


48*695 


29 


13-059 


58 


52-235 


SO 


»3-975 


60 


5S'9Qi 


31 


14*922 


62 


59*688 


33 


15-901 


64 


63-602 


33-2 


i6'ioo 


64-4 


64-400 


33 


16-910 


66 


67-640 


34 


17*950 


68 


71-800 


35 


1 9 "02 2 


70 


76-087 


36 


20*124 


72 


80 "496 


37 


21*257 


74 


85-029 


38 


22-422 


76 


89-688 


39 


23*618 


78 


94*472 


40 


24*845 


80 


99.375 


41 


26-103 


82 


1 04*4 1 


49 


27-391 


84 


109*56 


43 


28711 


86 


114-84 


44 


30-oda 


88 


120-25 


45 


3^ 444 


90 


I23-7S 


46 


3*-857 


92 


i3i^43 


47 


34-301 


94 


137-30 


48 


3577<5 


96 


143*10 


49 


37-2S3 


98 


149T3 


50 


38820 


100 


i55-2» 


53 


41-987 







G. Bcdnccd Inertia. — EuLE XVI, — To rednco the inertia or 
ma^ of a nvachine to tiic driving point. Multiply the weight of 
each moving portion of the niacliinc hy the square of the ratio of 
its velocity to the velocity of the driving point; and add together 
the producta ; the sum will be the weight of the niasa which, if 
concentrated at the driving point, would require the same force to 
produce a given change in ite speed, in the course of a given time 
ur of a given motion, that is requii-od by the actual machine. 



SECnON y. — STREKaTH OF MacSIKERT, 



4 



1. Rhafks. — See pages 226, 327 for the relations between 
greatest twistmg moment, greatest working atresaj and diameter. 
As to the twisting moment for which provision is to be made, 
regard must be had not merely to the mmn momen-t transmitted bj 
the sbaft:^ but to tlie greatest momeni. 
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Rule XYII. — Given, the horse-power of tlie prime mover that 
drives a slhaft, and the number of re volutions per minute; to find 
the mean twisting nwrtM-nt; TiiiiJtiply tlie iinrse-tiower by 5250, and 
divide by thn turns jier minute; the qviotient will be the niean 
twiating moment in foot-lbsuj which, multiplied by 12^ will give 
inch -lbs. 

Rule XVIII,^ — In a shaft driven by steara-power, given, tbe 
iiicsan twisting moment; to find the greatest twisting jfWJtiCiU; 



If the ahaft is driven by a single engine, multiply by i -6 

If by a pair of engines, with cmnka at right angles, 
multiply by ,.... ,. .,,.,,,..,,,.-,,.... it 

If by three engines, with cranks at angles of ^ 

revolution, multiply by, I'o^ 






2, 'Rodm.-^Piston-roch are to be treated as struts fixed at one 
end and jointed at the other. (See page 210, JElule XXIV.) 
Connscling-rods are to be treated as struts jointed at both endi 
(See page i'09, Rule XXIII,) 

3, Arm* and Teeth of Wlieclii RuLE XIX. — To find the 

greatest bending moment on an ariti of a wheel; divide the greiit*«t 
twlMting moment on the shaft by twice the number of arms. 

KdTjE XX. — To find the greateat presaur« exerted on a tooth of 
a loJteei ; divide the gi^eateat twisting moment on the shaft by the 
j)erpendiculaT distance from the axis of the shaft to the line of 
action of the teeth. 

As to the thickness of teeth, see page 233, 



Section VL — MtjacULAs Power. 

1. eraerni Priaci|iitrs.- — Lf;t P be the eflFort exerted 
animal in performing wort, V the velocity of the point at which 
the effort is applied, and T the time for which the effort P is 
exerted at the velocity T during a day's work; so that P V T fs 
equal, or proportional, to the work done per day. Let Pj^ "Vj, T,, 
be the values of P, V, and T, correspondiog to the grejitest day a 
work of the animal, Pj_ V^ T^, Thea for values of P, V, and ~ 
not greatly deviating from Pj, Tj, and Tj^, we have 



P V T „ 
Pi ^%'^%^ ' 

flD that when any five of those quantities are given, the aixth mi 
be found. 
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AniQifrlH, Approximata Vftlsoa of 

Pi V, T, 

Lbat Ft per sec llilea per hoar. Becondit Honm 

Good average \ , . i o o o 

] 1 i u * > izo 3"0 2l nearly, 28,800 o 
drauglit hoTse, J "^ a ./ ' 

High-bred horsej 64 7-2 5 „ 28,800 8 

Ox,., I20 2'4 !■(> 5, aSfSoo 8 

Mule,. , 60 3*6 2^ „ 28,800 8 

Asa, 30 3'6 2I „ 28,800 8 

2, Table* «f PerromiaHCii af Horft;*, — Explanation of Table L:— 
P, effort in lbs.; Y, velocity, fneet per second ; T, tonra' i^'Drk per 
day; P V, work per eecond, in foot-lba.j 3,600 P V T, work per 
day, in foot-Ibs. 

I.^ — Wonit Of A HOEtSG AGAINST A KSOWN" RlSISTANCE. 



Kind of ExSrttDn. 



1. Cante>iiiig and trotting, 
drawinjjT a light rail- 
way carriage (thorough, - 
bred), 



2. Horse drawing cart or 

boat, walking (draught 
horee],. 

3. Horse dri\'ing a gin or 

mill, walkmg, , . . 

4. DlttOj tr ottin g, 



. tnin, 324 ) 

I nieaa3o4 [ 

max. 50 ) 



100 

66 



14I 



3-6 
6S 



PV 



4474 



432 

300 
429 



SVSOOPVT 



6,444,ot» 



12,441,600 

8,640,000 
6,949,800 



4 



) 



Explanation of Table II. ; — L, net loud drawn or carried liori- 
zontally, in lbs.; T, velocity, feet per second; T, hours' work per 
day; L V^ lbs. conveyed horizontally one foot per second^ 3,{j{J0 
X/ Y T, lbs. conveyed horizontally one foot per day. 



II. — ^Performance of a Hokse ix Trassportino Loads 
Horizontally. 



Elnfl of Eiertion. 


L 


V 


T 


LV 


3.a(XlLVT 


5. Walking with cartj al- 

ways loaded,, .,...., 

6. Trotting ditto, ,. , 


1,500 
75° 

1,500 

270 

iSo 


3*6 
7-2 

2-0 
3-6 

7-2 


10 

4i 

10 

10 
7 


S»400 

5,400 
3. 000 

972 
1,296 


194,401:^000 
87,480,000 

108,000,000 

34,992,000 
32,659,200 


7. Walkiiig with cart, go- 

ing loaded, retummg 
empty; V = 4, mean 
velocity, 

8. Carrying burden, walk- 

ing,. ...... ...,-- 

9. DittOf trotting....... 
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3. Tiibtt* sf Wm4e of Mem.— Explatiation of Table L i— P, eflbrt, 

lbs.; V, velocity, feet per second; T, boure' "work per day; PV 
wqvk, foot'lbs. per second; 3,G0O P V T, wovk^ tbot-lba. per day. 

I. — Work or a Man against Known Resistancfa 



KlBid of Kxertiini. 



1. Boiainj^ hU own tveigtat up 

atair or lailder, ..>.. 

2. Hauling up -weiglits with 

Rjpe, and lowering its 
ropa unloaded, 

3. LiR;mg weights by hand...... 

4. {Jarrymg wcigUta up stairs, 

and retiiraing unJoadetl,... 
o. Sbovdllng np Barth to a 

huigkt of j ft. 3iiL.......... 

C Wheeling c^uth in bsurow up 

Blo];>e of 1 in 12, ^ lioria. 

vfiloc. 0"9 ft, per 8*c., and 

rfituming unloaded, 

7- Pushing or pulling horizau- 
• tally (capstan or oar}, ,..,.. 

8. Turning a crank orwindi,... 



0. Wotkini; pump, . 
lO. Hammering, „ 



p 


V 


T 


PV 








• 


»43 


o-s 


S 


72*S 


4° 
44 


075 
o'SS 


6 
6 


30 
342 


H3 


o-ij 


6 


i»-S 


6 


J "3 


10 


7-8 


132 


0-075 


10 


9-9 


12 'S 


2-0 

5*0 




53 
625 


]i8o 
1 20x1 


2-5 
14-4 


S 
2 niina. 


2si 


13 'i 
15 


1 


to 
8! 


¥ 



a,«(»PTT 



2,qSS,om 
64$,ffi» 

260,800 

3S6,4» 
1,526,4(10 
1,296, eco I 

4liO,OCKI; 



Explanation of Table II, : — L, load conveyed horizontally, Ibti 
Y, velocity, feet per sscond; T, hours' work per day; L Y, " 
conveyed borizontally one foot in a Becoud; S^GUO L V T, lbs. 
veyed horizontally one foot in a day. 

II. — Perporstance op a Man in TttANSPORTisa Loads 

HoitlZONTAIiY. 



Kind or Ereriitm. 


L 


Y 


t 


L V 


a,Bi)oLrT| 


11. Walking unloaded, tramiport 

of own weight, 

12. Wheeling load in 2-wheeled 

barrow: returning unloaded, 

13. Ditto in I-wh. barrow, ditto, 

14. Travelling with burden, ...... 

15. Carrying burden, returning 

Tsjiloaaed, ,,.... — 

16. Carrying burden for 30 se- 

conds only, 

/ 


140 

224 

132 

90 

140 


5 

If 
24 



117 
231 


10 

10 
10 
7 

6 


?oo 

373 
220 
235 

223 


H74*Si 
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Shovelling earth, one cubic yard, tbrown not 
more than 5 feet vertically np; if dry, ........ from 

Ditto, wet mud,..,....,.,,,,, ,,,,, , , 

Excavating earth with the piekj one cubic 
yard,.....^, „ 

Wheeling one cubic yard of eai'th in burrows 
fixira 100 to 120 feet horizontally; if up a 
slo|ie at the saroe time, deduct 6 feet from 
liorizontal distance for each foot of total 



■og to '0635 
■06 to "08 

■025 to -2 



nse,. 



bont 



'05 


to 


■063 


'■S 


■06 


to 


'07 




'008 








■oo3 






_l 


■3 




i 


1 


"3 




1 


1 


■4 




1 


1 


■45 




^ 


1 



Spreading and ramining earth in layers from 9 
to IS inches deep, one cubic yard, ,,.... 

Dressing slopes of cuttings, one square yardj.... 

Soiling slopes, 6 inches thick, one square yard, „ 

Making clay puddle, one cubic yard, ....,., „ 

Spreading do., do., „ 

Quarrying rock of moderate hai-dness with 
wedges, .,,...... average „ 

Quarryiog rock of moderate hardness by blast- 
ing* - average „ 

Jumping holes in rock, 100 cylindriKil inches, 

graaite, from 

Do. do. do., limestone, „ 

Diiving mines in rock; dmensions from 3^ feet 
X 34 feet to 3| feet x 5 feet; one foot fov- 
ward^....., „ 

Qnartying rock in tunnels, one cubic yard,,.,,., ,, 

Making one thousand bricks,. «... { , , .. ' 
*= ' \ boya time, 

Mbcing mortar by hf^nd, one cubic yard.......... 

Mixing concrete, wheeling and laying, one 

cubic yai"d, .. 

I*oading barrows with stone, one cubic yard,... 
"Wheeling otic cubic yard of stone 100 feet 

horizcmtally ; if on an ascent, allow 6 feet 

of distance f.jr each foot of rise,. . . , .« 

Unloading barrows of stone, one cubic yardj.... 

" VVciqlit of rock loosened —- weiglit of powder esqiloded =; in. small blasts 
from 7,000 to 14,000; average 10,0<JO: in great bkata from 4,500 to 13,000; 
average between 6,000 and TiOOO. One lb. of blaatitig powder lills about 
30 cubic iDchca ^ 3S cylindrical inchea. If gun-cotton be uaed insttii^d 
of powder, allow oae-eiith of the weigUt and onB-Kalf of the ajjacc. 



to "5 

to IK 



J"0 to 5'o 
'75 to 30 
:-i25 

>75 
7S 





BIOMKuoaiT, BwaMng Ojttiint Bailding^ ^ 

OMCnWojWlJ. Stoni\ Stana "»"t''«JH. -^^ 

Dry stone, "64 — 100 '50 

Coursed rabble, '64 — '90 '90 

BltKifc-m-coui'se, '30 1-5 '90 '90 

Do. arching, -90 2-35 '90 -90 

A^blar (soft t from i'8o 3-50 i-oo i-oo 

sandstone),..,, t to... s-^o 600 3-00 z'oo 

Breaking and stone cutting for Harder stoues ,' 
hard sandstone = 00ft sandijtone yt 2. 
hard li meHtone^ marble, granite = soft sandstone x from 3 to ' 

Facing asliJai' (soft sandstone), per square foot — - 
stixtked, '05; droved, '07; polished, '1. 

Curved facing = flat k ( l-|- — - — * > - - |. 
\ radius m feety 

Tjjdng down old masonry, one cubic yard, from -5 to -S. 

Brickwork, ordinary, one cubic yard,..,.... -6 -6 *2 

„ ai'ckiijg and other curved work, -g -9 J dependiic 

f on centtnti 

in tunnela, about double of similar brickwork »ho» 
gi-ound, 

Bnck]*rer. lAbounr. 

Laying and jointing druin pipes, one lineal 

foot, per indi diameter, . „ ,,,.,.... '0025 *002S 

Sinking cylinders for foundations under water with compressed wr; 
per cubic yard of earth removed...... ,,„ '6] 

Sawing timbei*, one square foot; 

Pine and iir,.... from '0045 to -005' 

Afib, elm, beech, mahogany, „ *oo65 to ■00^ 

Oak^ — -. ,.,.,,..,, ,,..,- — ,,,.. ,, 'OQ75 to "oo? 

Teak,. -or 

Shaping timber; pine- woods; one cubic 

foot, ,.„.. .,,,... from -04 to 133 

Planing pine woods, per square foot,., -013 

Boring hole | diameter, one lineal foot, in 

pine-woods^ '02 

Do. do., in bai'd leaf -woods, -03 

* Supply of six aliould be at the rate of 30 cubic feet per maa per 1 
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Carpenter. LalKrarar. 
Erecting centres for arches; per 100 f from i'55 75 

square feet area of soffit, (to... 170 'So 

Men's time. Boys' tima 
Rivetting iron ships; from 100 to 140 ) ^^^^ ^.^ ^ ^.^ 

rivets, f ** 

Making plank roads; breadth planked,! 

8 feet; total breadth, 16 feet; 1 lineal > 10 

foot, j 
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SdCTIOH r. — ^EoiES RELATING TO THE ¥lOW OF Wi."^? 

1, Mima mi wmtr.— Rule L^To find the }<aad of a partide< 
ivater; add together tbe ibead of elevation, or height of tlie paitidii 
abctvo some fixed or "datum" levelj and the h&tti o/ praj^fure, of 
intensity of the pressure exerted by the particle expr-eased as 1 
height of an equivalent cylutnn of water. (See pages 103, llf 

In stating the pressure, it is tiBiial not to include the attdospb 
preaaure ; so that the absolute pressure exceeds the prrasnre ataft 
in the ooranion way by one atmosphere, When the ab 
pi-essure is equal to the atmospheric pressure, the pressure st 
in the common way is = Oj when the absolute pressure fella! 
of the atmospheric pressure, theii- difference is called vactintfi. 

The atmospheric prestjure, at the level of the seii, varies 
about 32 to 3o feet of water, aad diminisheB nearly at the ral* (y 
i-lOOth imrt of itself for each 2C3 feet of elevation. 

In the rest of this Section, heads in feet of water will be de 
by /*• 

2. Toliimfl and T«l0cltT of :Flaw.— EuLE II.— To find the 1 
offiom of a streamy multiply the mean velocity by the sectio 
Eirea. 

Rule III. — To find the m£an vdoftiti/ of flow of a stretrai 
divide the volume of flow by the sectional area. 

Rule IV. — In a stream like a river channel the ratio of 1 
mean velocity to the greatest velocity (which, oecui-s at the miJ 
nf the stream) is nearly = 

groateat velocity + 7'7l feet per second 
greatest velocity + H}'26 feet per auooud" 

The least velocU^, being that of the particles in contact wi&j 
bed, 19 nearly as much less than the meiin velocity as the 
velocity is greater than the mean. In ordinary cuiTcnts thf 1 
mean, and greatest velocities are nearly as 3 : 4 : 5; Ln verfi 
currents, as 3 : 3 " 4. 

In what follows, uo^wwie ofjtom in cub k feet per second vilil 
denoted by Q, j the niean vdoaUy of a sti-eam in f^ j^ef 




HEAD— TELOCITS" — BESISTASCE. 
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by t>; and the sectional area in sqiiare Jiset by A; so that Q = 
V A. 

3, Bfilaiton between Mead aud Telocitr. — HuLX: Y. — Theoretical 
/lead, hf due to a given velocity, ^ j 

'^ ^ 9-. = -airi- (S^ Table, page 249.) 



2tf 



Hui£ TI. — Theoreiical 'sdoeUifj % due to a given bead, A; 
V = 8-025 JX 



E,DLE VII. — To find the loss of k&ad, h, due to a given (?^aiji 
of vdociiy in a stream ; let the vdodty of approach (or original 
Telocity, at tlie point where the greater head is) be the fraction, m, 
of the 'odocitif of dlsclMTge ; let v be the velocity of discharge; aud 
let F be ^factor of r^istauce (a^ to which, see next Article); then 



A = (1 + ^~n^) 



64-4' 



KuLi; VIII. — To find the velocity of discharge due to a given 
losa of head ; 



" = e<>3a y' (1— *— .)■ 






6-025 



V f * 



Bemare,- — n is the ratio of the sectioual area of the channel of 
I dificbarge to that of the channel of approach. When those areas 
1 are equal, as in miMnif&rmchami^lov^ViumformpipQ, 1 — m^ = 0; 
I and then the formula become 

i 

P re 



4, FaeiftM ttf RcBjfltnncc.. — Values of F in Rules VII. and Vill. 

(1.) Friction of an orifce in a tJiin plate- — 

F ^ 0-054. 



(2.) Friction of mouthpieces f or entrances from reservoirs into 
~jiipe8, — Straight cylindrical mouthpiece, perpendicular to side of 
rescrvoii-^ 

F = 0-505. 



The game mouthpiece mating the angle i with a perpendicular 
to the side of the resen-oii'— 



I 



F = 0-505 + 0-303 sin i + 0-226 sin^ 6. 

For a mouthpiece of the form^ of the "contracted vein"^that ia, 

a 
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ouf somewhat bcll-sliapeJ — »iB(i so iJi'LHioftioaed that if <f be its 
diameter oti leaving th« reaervdir, then at a distance d -i- 2 from 
tlu! side of tlio reservoir it contracta to the diamett^r -TSoi d^ — ibe 
resistance is inaensible, and F nearlj =; 0. 

(3.) Friction at sudden enlargements. — Let A^ be the sectiotuil 
area of a channel, in wlrich a Bluice, or slide valve, or some siicli 
object, i>rodiices a sudden coatiiictioa to thtj smiiller area a, loJloweJ 
by A stiddoii etdftrgement to the area Ag. Let i? in the forniul* of 
Hules VII. and VIII. stand for the velocitj in the second enlarge 
pavt of the channel, so tliat Q = Aj u. Let 
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Then 



(4.) Friction in pipes and conduits. — Let A be the sectional awa 
of a ehutinel j b, its border — tLat is, the length of that part of it* 
gii'th which is in contact with the water; /, the leugth of the 
channel, so that / i ia the frictional anrfacej and for brevity's sake 
let A -H 6 - m: theo, for the Motion between the water and the 
sides of the chaoael, 

^ -f A ..^' 



ill which the co-efficient /has the following values: — 



For ii'on pipes (not pitch-lined)*.../ = 0-003G 
For open conduita, . , '/"= 0'00741 + 



0-0043 
0-000227 



The quantity m = A -;- & is called the ^^kydranUc ttim.n depth" 
of channel, and for cylindrical and equare pipes i-timiing full is ana- 
/burth of the diameter. 

K.ULE IX.^To tind the declivity (?t) in an unifotm chuiinel 
given liydi-anlic mean depth (m); 

h f v^ 
t m 2 if 

In an open channel this is an actual slope of the surface of 
water. In a clo.'ie pipe it may he a virtual declivity, due wholly i 
partly to diminution of pressure. 

• Li iron pipes liDed with Biii(H)th pitch the co-effid^t of Mc^n ia ; 
Cdtfi'sixth part les9 than La imlinLed. pipes. 



1(5.) For benda in dreular pipes, let d be the diinneter of the ' 
ipe; e, the mcUiia of curvature of its centre line (it the heud; e, the 
ugle through wiiicli it is bent; «-, two right ang]«9; tliea 
: 
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P = 



0-131 + l-8i7 



(fi.) For heiiih in re^vmgula/r pipes, 
' 0-124 



F 



\ 



3-104 






(7.) For knees, or shnqj turns in pipes, let be the augle made^ 
by the two jxirtioiiB of the pipe at the knee; then 



F = 0-94G sin^ ^ + 305 sin* 



2' 



W BuLE X. Summar}/ o/losses qfli^ad. — When aevcral aucceadv© 
I Ciiuses of rtsiistauce occur in the course of one strcjiiu, the loaaes of 
I head arising fmm them ure to be aUdett together; and this process 
I nuiy be extended t(j cama in which the velncity varies in different 
I parta of the channel, in the following manner: — 
I Let the tiniv.1 velocity, at the cross-section whure the In^ of head 
I is required, be denoted by r; 

Let the lutioe borne to that velocity by the vpladties in 
other parts of the channel bo known; n^v being the "velocity of 
approach," n-^ t) the velocity in the first division of the channel, 
Ti.2 JJ in the second, and so on ; and let Fj be the sum of all the 
fiiptors of resistance for the first division, Fj for the second, and so 
on ; then the Iosh of head will be 






Fj *i| + Fa nl + ttc.) 



5, r«aitmvlj«it «r9lreani — Co-eincieiiiB vf Dlncharfre.— KULG XI. — 

To find the effective area of an outlet; multiply tlie total area by a 
iVactiou called tlie co-fi£hisnt of contractiotu 

For nniforni streams there is no conti'UCtiOB, and the cO-efficient 
is 1. 

Kemark,^ — Soroetiraea it ia impoBsible to distingni^h between 
the etfect of fi-iction in ditniuiijhing the velocity (expressed by 
1 -:- J 1 + F), and that of eontniction in diminishing the aiiea of 
the stream. In such ciises the ratio in which the actuul dificharge 
is lejia than the pn:)duct of the theoretical velocity and the total 
area of thi* orinec is call**d the c(>-f>fficient ofe^ltix or of discharge. 

The quantitiea given in the folluwing statenienta and tables are 
some of til em real co-eMcients of contraction, and some co-efficients 



2C0 



HTDBAUIJG8. 



of diacharge. In hydraulic formube such oo-effici«itB are nsoally 
denoted by the symbol e. 

Q.^ Sharp-edged dreular orifices in fiat plates; e = - 618. 

(2.) Sharp-edged rectangular or^ces in vertical fiat plates.— h 
this case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet; and h the head, measured from 
the centre of the orifice to the levd of still toater. 

Q = 8-025 c A -yX 



Co-efficients of Discharge for Kectakoular Orifices. 



HcimL 

BraMlth. 
005 
O-iO 
CI5 
0"20 
025 
030 

0'40 
050 
o'6o 
075 

I'OO 

1-50 

2 "00 
250 

400 

600 

800 

10 "GO 

1500 



•573 
•585 
•592 
•598 
•600 
•602 
•604 
•605 
•604 
•602 
•601 
•601 



Height of Orifloe -4- Breadth. 
0-5 025 015 



•590 
•600 
•605 
•609 
•611 
•613 

•6i6 
•617 
•617 
'616 
•615 
•613 
•6ii 
•607 
•603 



•612 
•617 
•622 
'626 
•628 
•630 
•631 

•634 
•632 
•631 
•631 
•629 
•627 
•623 
•619 
•613 
•606 



O'l 



^ 


•660 


•638 


•660 


•640 


•659 


•640 


•659 


•640 


•658 


•639 


•657 


•638 


•655 


•637 


•654 


•635 


•653 


•634 


•650 


•632 


•645 


•631 


'642 


•630 


•640 


•629 


•637 


•627 


•632 


•623 


•625 


•619 


•618 


•613 


•613 


•607 


•608 



0-05 

■709 
.•698 

•691 

•685 
•682 
•678 

•671 

•667 
•664 
•660 

•655 
•650 

•647 

•643 

•638 

-62] 

•621 

•616 
•613 ; 
•609 



c = -57 -f 



(3.) Sharp-edged rectangtUar notches in fiat vertical toeir boards. 
— ^The area of the orifice is measured up to the let^el of stiM voatff 
in the pond behind the weir. j 

Let 6 = breadth of the notch ; 

B = total breadth of the weir : then 



10 B' 



provided b is not less than B ^ 4. 



OOimiAOWOH — BLTJTCES AND SOTCHES. 



N 



(4.) Sharp-edged triangulnr or T-s/i«;j»srf 7ioi€hes in fitji 's^tieal 
WfiT boards (from experrmetita by Prtjieaaor James Tliomson). — 
Area measured iip to the IbtgI of still water. 

Breadth of notct = depth X 3; e = ".595; 
Breadth of notcb = depth X ij c = -620. 

(5.) PartiaUy-coniracied sharp-edged flrr^m— (That is to siaVj an 
nrifice towarda jmrt of the edge of which the water is guided in a 
direct course, owing to thet t^ionlcr of the channel of approach partlj 
I coinciding with the edge of the orifice.) 

I Lot c bo the ordinaty co-e£Gcieiit; 

^H rif the fraction of the edge of tho orifice which coincides with 

^^M the border of the channel j 

^H g', the modified co-efficient; then 

^B c' ^ c -\- '0^ tt. 

Hp (B.) Fiat or TOtitid-lopped weir, area measured up to the level of] 
^ijtill water- — ■ 

tc ^ '5 nearly, 
(7.) Sluice in a rei^^ngular cJiannd— 
vertical; c := -07; 
Inclined hackwards to the horizon at fiO'^; c = 0-74 j 
„ „ „ at 45"^ c = 0-8, 

(8,) Incomplete wntractioH. — Let A he the area of a pipe partially 
closed by si partition, having in it an oriGce of the total area a 
~ id effective area c a ; then 

•618 



vo- 
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6^ DiachnrBit) rrvni ftinic«« and N«icbea. — Let b he the breadth of 
the orifice; Aq, the depth of its upfjer edge, and A,, that of its lower 
edge, below the level of still water in the pond ; c, the co-efficient 
of coutmction (see last Article) ; Q, the dificharge in cubic feet per 
second, 

RvLE XI L — E^ctangular orijics — 



h 



Q = H-O'Id c X 3 6 (/*i^ ■— V) = 5-35 c b (k^* — hj\ 



Rule XIII- — Rectangidw notcJi, with a stiil pond; A^ ^ 0; A^ 
nieaenred froiu the lower edge of the notch to the level of still 
water. 

Kq = 8-025 c X I & Ai' = 5-35 c 6 h^^ = ^3 05 + -535 |) b Ajt 




¥ 



The euhe of the square root of the h&id, Aj', la easily computed as 
fellows^ by tlie aid of an ordinstrj table of squares aud cubes i loot 
in the column of equaj'es for the nearest square to h^ ; thcD op^ 
|iosite, in the column of cubea^ will be an approidmate vaJue 

Rule XIV, — liectangvlar notch, unth current approaching it. — 
"When Bttll water cannot be found, to measure the head Aj up to, 
let tfg denote the velocity of the current at the pioint up to which 
tbe bead is m^snred, or vdociiy of apj>r<Mich : campute the heigbt 
due to that velocity as follows; — 



then, 



Aq =l i"^ _|- 64 "4; 




ErtfLE SV. — Triangular or Y-gltaped notehj with a stiU pond; 
measured frtmi the apex of the triangle to the level of still water. 

Let a denote the ratio of the ha/f-breadtJi of the noteh at any 
given level to the height above the ajiex, so that, for example, at 
the level of atill water, the whole breadth of tlie notch h '2 a h^; 

Q = S-Q-25 ex ^ a a/ = 4-28 c a A^l; 

and adopting the values of c already given, we have, 

for a = 1, Q = 3 54 A/; for a = 2, Q = 53 A^i. 

For squaTPfl and fifth powei's, see page 33. 

Rule Xy 1.— Drowned ori/icea are those which are below the 
level of the water in the space into which the water flows as well 
m in that from which it flowa. In such cases the difference of 
the levels of still water in. those two spaces is the head to be used 
in computing the flow. 

EuLE XVII. — Drottmed rectangular notch. — Let A^ and h^ be 
the heights of the still water above the lower edge of tlic notch at 
the ujihstreani and down-stream sides of the notch -board reapec- 
tivelji 

Q = 535cb (/*i + -A ^ (Aj — As). 
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RuiE XYITT. — For wdrs mith broad JIat crests, drowned or im- 
Irowned, the fomuila) are tbo sam« as for rectangular notclnfa, 
axcept timfc the co-eHicient e is about '5, 

Rule SIX.^ — Cohipiitaiion of the dimensicms of orijlces. — Most 
the preceding formulae can be used in au inverse form, in onler 
find tlio ditiitiiisioiia of orifices tliat are required to discharge 
iven Tolunies of water per second. 
For examplej if Rule XIL is applicable, the breadtli of the 
xifice is given as follows : — 

6 = Q -=- 5-36 c (fi^^ — V). 

If Rule XIIT. is applimble, the depth of the bottom of the 
lotch below still wuter is given by the equation, 

Aj = [Q -r 5-35 b} I 

If Rule XV. is applicable, 

7. DiHchnr^e nf Wiil«T-PJpe».— EULE XX. — To find tlie loss of'' 

head, A, in a Icngtli, I, of a pipe of the uniform diameter, d (all 
dimensions in feet)- 

Rule XXI. — To comp^dc i}i& dhdiargs of a given ^pe; the data^ 
being A, /, and il^ all in feet. 

Assume an apjiroximat« value far 4 /. The value -eommonly 
aHSutned in the first instance is '025t3, Tliis gives, as a first 
approxirticUion to tlio velocity, 



V = 8-025 \/ A±_ = 50 \/ii; 



I , or, a mean proportional Itetween tlie diafiteier and the loss of head in 
I 2,500 /eef of length. With this velocity (^kulate a new value of 
I A f^ ■which 19 to be used in computing a seco'iid appraxunaiion to tJi« 
I velocity, by means of the fonuula, 



•B = 8035 






fttid this is in almoint every case near enough to the truth for 
piuctical purposes. Then tbe discharge is given by the formula, 

Q = -7854 t! (i=. 






Bcui XXIL — Tojind {mjed^ the diameter d q/'a pipe, go t}4Jii ii 
^kaU ddivmr Q cubic /ett of vKfter per secondf vnih a k^ of limdai 

QMnpiite m. fim i^^proasmaivm to f/t« diameter' by tLe foUowiii^ I 
formaU: — 

alao AjSfM t^prostimaiion to the vehcily hj the foiintila, 

tT = Q - -7854 if*. 

From these data, bj means of Kule XX., compute an appraa- 
mai« lota qfiaeadj h'. If this agrees exactly or very nearly wi^h the 
fptven loss of bead, j^, the fitst approximation to the diamet 
mfficieDi ; if not, a corrected diamder is to be found by the foil 
mg formula : — 

Id the preceding formtilae the pi[M> is supjiOBed to be free froli 
all cmres aud bends so sharp aa. to yiroduc*^ appreciable reeistanc'. 
Should such obatrnctions occur in its coiirae, they may be allowed 
for in the following manner :■ — Having first com'patt'd the diameter 
of tho pipe aa for a straight coarse, calculate the additional loss of 
head due to ctirves by the proj)er formula (Article 4, jiage 233); 
let A" denote that additional loss of head; then make a further co^ 
ruction of the diatueter of the pipe^ by increasing it in the ratio i 

' h* 

1 + — ; I. 

By a similar process an allowsTice may bo made for the loss^ 
head on tirst entering the pipe ft-om the resei-voir, viz. : — 

(1 + F) •«* -r Bi'i ; F being the factor of friction of the moiithpfe 

Tbe preceding rules are for clean iron pipe* In pif^s coat 
with Bmooth pitch the friction ia ahoiit one-sixth pari leas, 
allow for incrustation, add one inch to the diameter of all pipes. 

8. ]>liirharg« and OtDirnHlDnii of Clinipiivln.— Kr t.K XXUI. — T« 

tind tliB declivity, {, of the upper surface of the water in a cbaJUl 
of the hydi*aulic mean depth m; 

I m (j-l't \ V / 64-4 m 

tuLE XXIV, — To compiUe the discharge of a given «fr*aMi ' 
data beiiigij wi, and the sectional area A. Assume an 
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liie for the oo-eflScient of irictioii, anch as/' = '007565- then., 
lejfrsf approsdincUion to tlie velocity is 



v ^ 8-025 



V 



OOTaGo 



= jWUTm = 92-2ii J'i 



^r, a nivdn proportional betioeeit tite hydraulic mea>n depth and t/tsi 
It in 8,512 Josl. A Jirat approxiimUion to the discJiwr^ 
^ v' A, 

These first approximations are ia many cas^ anfficiently accurate. ! 
Po obtain secrmd approxiTfiation^, compute a. corrected value oi f^ 
ccording to the expreaaion in brackets ia Rule XXIII; sboiikl 
agree nearly or exactly with /', the liii-st aaaumed value, it is 
meoessary to proceed further; should it not so agree, correct the 
iluea gf the vcltvcity and discharge by multiplying each of them 

[ry the factor, ^-^^-^^ 

Rule XXY, — To deiei*ntine ths dimmmOJis of anunifm-m. cJutmid 
\which shall discliar fje Q aibic/eet ofwaitrper aecond with t/is declivitt/ 
Assume a figure for the intended channel, so tlmt the propor- 
of all its dimensions to each other, and to the hydnudic meaa! 
leptli jtii may be hxed. This will fix also the projKirtion A ^ ?/t^^ 
the sectional area to the square of the hydniulic mean depth, , 
rhich will be known altliough those areas ai-o still uuknowo; let] 
be denoted by «, 

Compute first approximations to the hydraulic mean deptli audi 
slocity aa follows:^ 



\8,5 13 71^1/ > n J 



Q 



)m these data, by means of Rule XXIII-, compute an approxi- 
tate decliiAt^y i'. If thia agrees exactly or Teiy neiirly with the 
iven declivity, i, the fii-st approximation to the hydmidic mean., 
lepth ia sufJicient; if not, a corredsd hydnmlic mean depth is to 
jund by the following formula i— 



='<i^U- 



From the hydraulic mean depth all the dimensions of the oliannt 
re to be deduced, according to the figure assumed for it. 

9. Swell nnd (tackfrntrr Prndticvd br n Wdr. — When a Weir Or 

ITD is erected across! a river, to calculate the height, A^, in feet, at 
rhich the water in the pond, close behind the weir, will stand 
jve its crest ; Q l>eing the cUschai'ge in cubic feet per aecoiid, and 
the breadth of the weir in feet j 



ind^^ 
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BuLE 5XYI, — Weir not drowned J with a flut or slightly rownd^d 
crest — 



h = (7*^62) ^.t^early. 



Rule XXVII.^Tr<*iV drowned, — Let hg be tlie beiglit of tlic 
water in frunt of the weir above its crest. 



First approximcUion; h\ ^ It^ + 



Q^ 



second approximation; h'\ = A'^ — A., f I — - i~ " 1 ]• 

B.ULE XXVIII. — In t), channel of uniform breadth and de- 
clivity- 
Let i denote the i^te of inclination of tlie hotloin of the stream, 
which is Jilsff the riit« of iiicUtmtion of ita liui-fttce before being 
iiitttietl by tiie wdr. 

Let \ he the n at mid depth of the stream, before the erectiou dt 
the weir. 

Let 3| be the depth as altered, close behind the weir. 

Let S^ be any other dtpth in the hackwoit^t or jiltei*ed part of the 
stream. 

It is required to find x, the distance from tlie weir in a direction 
up the stream at which the altered depth ^o will be foimd. 

Denote the iiitio in which the depth is ultei-ed at any point by 
i-h Sjj ^^ •?•] and let ^ denote the following function of that ratio :« 






^ 2r+ 1111, 
arc tan. -^ = ^ + 3^ + -^, ..early. 



Compute the vidues, f ^ and f^. ff this fnnction, con-espoudiiig to 



the ratios r^ = \ 



!^ Then 



3q and t^ = Sg 

^ = ^^ + (i - 264) tPi- f.) h- 
Tlie following table givea aorao values of ^: — 



r f 

I "O CO 

1*1 ........... "680 

1-2 '480 

i'3 -" ■" -376 

14 -304 

1*5 '^SS 

1*6 .......... -218 

17 -iSg 



18 -xS^' 

»'9 • 't47 

3'0 '132 

2*2 'I07 

24 ,,. *o89 

z'S ..,....„..-.., '076 

2'8 *o(>5- 

30 ■Oo'iJ 
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XEmplriiig n KeneFvolr.-^BULE XXIX. — Let Q Ije 

tlie rate of Ulacliarge at the outlet, aijpposing the re^^ervoir kept 
I coriHtaDtly fuU, W^ the whole volume of water iu it Then 

I Time in Seconds = 

3 W 

T"or a vertical-sided reservoir of uniform depth,....,,.. -ry- 

!For a wedge-shaped reservoir (tnangular vertical 1 4 W 

k sections ; maximum depth of the section a uniforin), J 3 q 
or a pyramidal reservoir (base at the surface, apex ) 6 W 
at the outlet),...,, ,. ,.,,..., .... f 5~q" 
UuLE XXX. — To find tlie time required to equalize the water- 
lm>d in two adjoining basins with vertical sides; calculate the time 
i-equired to empty a vertical-sided rejsrrvoir containing a volume nf 
>vatcr equal to the volume transferred, and of a depthi equal to the 
greatest difference of water-lovel between the ba.'iina. 

11. CBMCitdG rrmn n Wclr-frtBt— RuLE XXXI. ^To liud the 
liorizontal distance to wliich the cascade of water from a weir- 
crest will shoot in the coui"ae of a given fall below that creat ; ttike 
ouce-and-a-tbird of a mean projTOrtiorial between that fall and the 
lieight from the we!r-crest to still water in the ])OEd. 

12. liatii-Ii'nll, 

Tuches 
Dcpih of 



IntiheB 


L'ulHC fset 


Gallnma 


CuMc feet 


QeilLoiiB 


DepUi or 


OB 


on 


On B. 


onu 


Hiilii-faU. 


»n iicra. 


a.D ELcre^ 


st^uaj-e mlla. 


square miLs 


I 


zM<^ 


22,635 


2,323,200 


14,486,314 


3 


7,260 


45^270 


4,646,400 


28,972,627 


3 


10,890 


<57-9c5 


6,969,600 


43.45^,94^ 


4 


14,520 


9^*539 


9,292,800 


57.945>25 + 


5 


18,150 


113^174 


11,616,000 


72,431,568 


6 


21,780 


i.l'j.f^op 


^3^935.200 


86,917,882 


1 


25,410 


158,444 


16,263,400 


101,404,195 


8 


29,040 


181,079 


18,585,600 


115,890,509 


9 


3 2,6 JO 


203,714 


20,908,800 


I30,37fi.823 


10 


36.30° 


226,349 


33,233,000 


144,863,136 



For the conversion of cubic feet into gallons, and gallons into 
cubic feet, see page 109, 

An inch of rain per annum on an acre is roughly equivalent fc 
ten cubic feet per day. 

An inch of rain per annum on a squa/re mile is roughly equi- 
valent to forty tkousajul gallons per day. 

Annual di'pth of rain-fall in different countries and seasonal 
ranges Irom to 150 inches. 

In Britaiuj different iit^a-wns and districts, 15 to 100 and upwards. 

Ratio of available to total rain-fail on gatheriiig-gi'OHnds j steep 
impervioiia rock, from 1-U to O'S; moorland and hiily jiaHtiu:e.i frour 



i 
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'8 to *6; cultiTsted land, fi*om '5 to '4, and sotnefcimea Ifss; 
chalk, 0, 

Gt-eateat depths of rain in short peiriods: one hour, 1 inch j fonr 
helm's, 3 inches; twenty-four hours, 5 inches, 

13. siabilliy «f Bp(I «r Scimm.^Greatest velocities qfihs currasi 
dose to t}i^ bsdj conaistent with, the stability of various materials: — 

Soft clay,,. ,......,,...., ............ o'25 foot jier second. 

Fine sand,, 0-50 „ , 

Coarse sand, and gravel as iai'ge as ]>eaa, o'lo j, , 

Gravel a-s hi rge US French heaus,,... i-oo „ , 

Gravel 1 inch in diameter,......., 2'Z5 feet per second. 

Pebbles 1 J inch diameter, ....- 3-33 „ , 

Heavy shingle, ,......, 4-00 „ , 

Boffc rock, bi'ick, eaithen ware, .............. 4*50 „ , 

Rock, various kinds, , \ 1 " i ' 

' ' \ and upwards. 

14. Smngik of Waicrwpi|»«i._ItuLE XXXII. — To Jind the Isol^ 
proper thickness of metfil ttir a cast-iron pipe of a ^ven bore, to 
bear a given pressure from within. 

First; divirlo the greatest preainre, in feet of wnter (see page 
103) by 12,000, and multiply the bore or internal diameter of the 
pipe by the quotient: secondly; t«vke a mean proportional between 
the intemfsl diameter and oneJhrtj/'eigJdh of an htch: ihti greaief 
of those two quantities will bo the required thickness. 

Rule XXXIII. — To find the greatest working presaitrej in feet nt 
water, which a ca-frti-iron pipo will safely bear; multiply the thick- 
ness by 12,000, and divide by the internal diameter. 

The bursting pr&titure should l>e six times the working pressure. 

As to the wngH of pipea, in Ufs. to iJtefoot, see jiagea HIJ and 153. 

RcTLE XXXIV. — For the weight of one foot of a cast-iron jtipe, 
in fractions of a ton; multiply the difference of the squares of the 
ontside ami inside diameters by -00108. 

A faucet on a 9 feet length of pipe adds between one-tenth and 
one-twentieth to the weight. Gallons per 

15. Deuand far Water In Town*. peril 

Uaed for domestic pui-poses (liberjU supply) 15 

"Washing streets, extinguisihirig fires, supplying foun- 
tains &c., ,, 3 

Trade and manufactures, 7 

Total usefully cousuraed, .,.,,....... 25 

Waste, under careful i-egulation, ,,..,.,,. 2^1 

Total, under careful regulation, ...,,...,.-,.,,,.... 27 ^ 

Additional waste, in actme caaew, .,...,.. 224 



Totid in Bome cases, 




WATER-SUPFLT — HTDRAFIJC PIUME MOVERS. 2G9 

Grejitfiat liouriy demand = from 2 to 2^ x average hourly ' 
I tleinatid. 

Demand aa to head, 20 feet above houae-tops (after deducting 
I j loss of bead due to velocity and friction in pipes). 



I 



Section II.— Rules relating to Hydraulic Pbiiue Movers, 



1, General Biii««.— HuLE I. — To Calculate the total or gross 
jiomer of a fall of water. To the actual ?iead, or depth of fall (from 
the surface of the head-iHce to the surface of the tail-riice), add the 
height due to the velocity of the water in the head-race. (As to 
heightiS due to velocities, see pages 348, 249.) Multiply the sum 
(or iottd head) by the Tolume of the tlow of water per second, and 
by the heaviness of water (02 '4 lbs. to the cubic foot). The pro- 
duct will he the gross power iu foot-lbs, per aeoond. Thia divided 
by 550 gives the groaa horse-power 

Remark.— The diniensiona of the head-race and tail-race are to 
be fixed by meaos of the principlea of the preceding section, pages 
^64, 365. 

Rule II, — To estimate the Ttet or effective povxr of a fall of water j 
multiply the gvft&a power by the probable efficiency of the kind of 
prime mover to be used. That efficiency is a fraction ranging, 

for water-presgure enginea, from 0'65 to 0*75; 

for ovemhot and bi-eaat wheels, from 7 to 0'8; 

for undershot whoek, from 0-4 to 0-6; 

for a drowned wheel, J of the efficiency of the same wheel 

not drowned; 
for turbines, fi-om 0*6 to OS. 

Rule IIL — The velocity/ oj greaUst efficiency for a water-wlieul 
is aa follows: — 

Case I, — For wheels which act wholly by iiopulse, or partly by 
impube and partly by weight, from U'4 to 6 (or on an average 
one-half) of the velocity of the feed- water; 

Case II. — For turbitiea acting by preBsure, the velocity due to 
half the head (that is, 0-7 of the velocity due to the whole head). 

In Caaea I. and II, the surface-velocity is measui'ed at the place 
where the wheel reoeivesi the water. 

Case III. — ^For re-action wheels, the velocity measured at tho 
outlets to be that due to the whole head. 

Plemark. — If the whole head is used to impel the foed-water (as 
in wheels which act wholly by impulse). Case I. of Rule III. de- 
tenniues the best apeed for the wheel. If the wheel acts partly 
by impulse and partly by weight, and its velocity is given, Case 1. 
determinei* how n)ucii of the head in to be used in giving velocity to 
the feed-water — viij the head due to liom 'i^ 1q ^%v«>^ *SLisM>isw^^ 
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to double of tho mean speed of the whscl. For relations betwtsen 
ht!«d and velocity, see page 249, 

2. ort!r«iiot nnti Brcaoi «hc'fi».— RuLE lY, — Diamder of overshot 
wfieei = {iii\ ~ Iiead. required for velocity of feed Vt4ocity of feed 
- 2 X velixiity of outer surface of wlieel. Ordinary velocity u( 
outer snrfkce tif wJiet-l = 6 teet per second; velocity of feed- water, 
12 feet ppv Ht'coiid; head for that velocity, about 2*25 feet 

A breast wh^el mny bt) made of any i^reater diameter. 

RuLK V — To tind the dear br^tdik [l) between the crowns (or 
flat riiiia uf the wheel), called tilao the length of the bvickets. 

Let Q be the voliim« of water, in ciihic f«et per second; u, til* 
surface velocity of the wheel, in feet per second; r, the outaide 
itidiiis of the wheel; b, the depth of shrouding ( = fi*oai 1 to 1'75 
foot); (nil meastirenient'i in feet). The buckets are supposed to 
ntn two-thirds full. Thett, 

3Q 



I, 



^'^'i'—L) 



4 



Rule YL^ — ^Othor dlmmimona of buckets. Distance between 
thi'ir bottomSi measured on the sole (or inner circumference) = k 
Opening between lip of bucket and front of the next bucket abow 
■ — when the slope of the circumfurence of the wheel at the point 

whei-e the water is fed to it in between 0'^ and 24:°', -; for steejiM 

slopes, a ^ sin, slope, 

Rule TII.— To find the best positions for the ffuide-hkidti, 
h^'tween which the water flows on to the wheel. 

In. fig. 1U3 let A B be a section of a bucket, B its lip. Draff 
fti the atraight line B D Li a tangent to the cir 
cumfeiv^nce of the wheel ; and make H D ^H, 
the surface velocity; and B H = 2 i£. Draw 
D L parallel to a tangent to the lip of the 
bucket; draw HC perpendicular to BH, 
cutting D L in Cj join B C. 

Then B C repi^esenta the best velocity for 
the supply of water to the wheel; and tbe 
middle outlet between the series of guide- 
blades IB to be placed at the depth below tke 
topwat-er lev«l in the penstock due to tlmC 
Telocity. 

Also, .^ H B C will be the proper angle 
for the guide-blad*^ of the middle outlet to 
make with the tangents to the cii*ciiinferea<e 
oi ii\ie vf\i.'eftl bSi \iVfe i^viitE where they meet 



Fig. 108. 
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it, iti order that the w^ater may glide into tlie bncket without 
colliision. The co-f^cmil of contraction for orificos between guide- 
blades is about c = 0-7 '^; con,«equently the total area of tho out- 
lets requii-ed for the flow Q, is given approximately by the 

3 Q 
forrajilaj A ^ :r— ; and thia is to be provided by having a 

Bufficienfc number of outlets before and behind the middle outlet. 

The positions of the guide-bkdea for thetse outlets are fcinnd as 
follows: — 

Take the depth of the narrowest part of each oiitlet below the 
topwater level of the penstock; compute the vttlocity due to thut 
df?pth; from B luy off distances, such as B K, EL, re precise n ting 
tho^ velockit^Sj ao as to find a series of points, such as Kj L, in the 
line D C L; then will ^-r H B K, .^ H B L, he irapectively the 
proper inclinatiouH to tangents to the wheel, for the guide-blades 
of outlets where the velocities are B K, B L; and so ou for other 
guide-blades. 

The formula gives a total area of outlet rather greater than is 
absohitely iieoeasary; but this is the best side to err on, as any 
^fixceKs of outlet can be closed by the regulator. 

Besides computiiiy; the area of the outlute between the guide- 
lades, the height of the to]>watcr above the regulator, necesaary to 
Jve the retjuired flow Q, treating the i-egulator as an ovotfall with 
le co-eflicieat of contraction 0'7, should be computed by the for- 

lula A' = (t"-7~;}*j ^^^ ^^^ depth of the upper edgo of the 

^west guide-blade below the topwater level should be made not 

than the height so found. 
'3. ■Jvdt^niiot wiiHia (PoiiMicu').— EuLE YIII. — (Umial dimen- 
•jtis of wheel and sluice.) 
liameter = fall x 2, nearly, 
l^he fail is measured from 
le topwater of the peo- 
ck to the centre of its 
Outlet.) DL'pth of shrouding 
^ fall. Greatest depth of 
leuing of flhiice ~ \ fall 

calculate bi-eadth (fj) of 
jeniug of sluice; let Q bo 
le volume of wuter, in cubic 
et per &e0<jnd| h, the fall 

feet : then 6 ^ . , „. 
4 A -I 

Bulb IX. — To design the wlted-race. 



agent to the wheel, with a declivity o£ cnife m \fctt, 



Fig. 104. 
In fig, 104 di^w H F G a 



At the height ^a above H F Q, draw K L to repreel 

upper surface of the stream, meeting the circuinference 
■wheel at the point L. Then make the section of the bottom of 
the wheel-Mce hx»m Gr to F an arc of a circle, equal to G L, atid 
of the siiroe radius, that ia, the outside radius of the wheel. 

From G to E the wheei*i'ace ia formed so as to clear the wheel 
"by about 0*4 inck 

KuiiE X. — To deaijs;n the ^0oa^: — 

In fig, 105 dmw B C to represent the direction and velocity of 
~ the stroam of feed -water A, and B N 

a taugent to the circumference i>( 
the -wheel tit the centre of thiit 
stream; and fi-oni C let fall CN 
pei'pendicular to B N. Make B D 

— — of B N, and join C D. Tbii 



n 



10 



line will be parallel to a tangent to 

H the lip E of the float The rest of 

pi, ]|]3_ the float may be made of the figure 

of a circular ax^, touching a radiiis 

of the wheel at its inner edge. From two to three floats in the 

length of the arc L G (fig, 103) are in general a ftutEdent 

number. 

The &j§id.&n^ of thii wheel is about '6 when not drowned, aoi 
"48 when drowned. 

L UndervliQl Wheel lif an Opcyn Cfurent.— Wheels of this oIM 
have their flouts usnally pkne and radial, and fixed at distaQoe* 
apart equal to their depth. 

Rule XI, — The following is the useful work pei' second nf 
such a wheel; M being the velocity of the cunieut; «, that of tW 
centre of a float; A, the area of a float, in square feet; and D| 
the weiaht of a cubic foot of water ; — 



Ew = 0-3- 



D A tJ (u — w.) It 



The velocity of the centres of the floats for the greatest efficu) 
is half the velocity of the current; and the efiicieney at that a( 
is 04. 

5. thp1>ih<».— Rttlg XII. — Pot* the vdoeiiy of tite f^d-tdoiir; 
in impulse turbines take the velocity pi-oduced by the whole head; 
in pressure turbines, the velocity produced by half the hejid. 

Rdle XIII. ^To find the proper obNq'ditf oflJte srnii/e-blades to 
the receavirig surface of the wheel , divide the volume of feed- 
water per sevond by the ajrea of the receiving surface of the whedl 
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(diminished by ^-j^ for contraction), and by the velocity of feed; the 
qiiotieut ■will be the sine of the rLXjuired angle, 

KuLE XlY.^To find the proper ftbliquily of the jloaU to the 
l^oeiving surface of the wheel j in impuhe turbines proceed as in 
E,nle X,, pige 372; in pressure turbiTies make the recei-i-ing ends 
of the floats perpendicular to the receiving euiface of the wheel. 

Rule XV. — (In this rule the diachargiiig surface of the wheel 
is supposed to be, as it ought, equal to the i^eceivitig surface.) To 
find the obliquity of the floats to the disdtaTging surface of the 
wheel. In impulse turbines ttike the tangent of the obliquity of 
the receiving ends of the floats j in pressure turhines take the tan- 
gent of the obliquity of tlio gtiicle-blades. Multiply the tangent so 
found by the radius of the receiving surface of the wheel, and 
divide the product by the radius of the discharging surface. The 
qnotient will be the tangent of the obliquity of the discharging 
ends of the floats. 

6. Re-nctioji Wheel".— RuLE XYI. — To find the proper total 
area of orifices for a re-action wheel; divide the volume of water 
per second by the velocity due to twice the head. 

7. Hrdmuiic Bjua.— The following proportions for hydraulic 
rams have been found to answer in practice : — 

Let h be the height above the pond to which a portion of the 
water is to be raised ; 

H, the height of topwater in the pond above the outlet of the 



supply pipe from the 



"■'"'^'ro'^w 



waste clack ; 

Lr the length of the 
pond to the waste clack; 

D, its diameter; then 

Let Q be the whole supply of water, in cubic 

feet per second, of which q m lifted to the height 

above the pond, and Q ^ — q nans to waste at the 

fdepth H below the pond. Then the efiicieucy of 

the ram has been found by expeiience to have 

tile following average value : — 

L = |, nearly. 

8. winduiUw — ^Stne&ton^s proportions for sailsL 



a 



Ftg. 100. 

(See fig. 106.) 
2 



AB^^AC;BC=|AC; BD = CB = ^AC; CF=^^AC. 

Angl^ o/wsafJiefj or obliquities of the sail to the plane of rota- 
tioDij at different distances from the axis of the wind-ahaffc; 



BTDRAITIJCS> 



tHgtance in aixtliB of A B,... 1*34 

(fii^t bar) 
Angle of weatlier...,. 18" 19° 18" iG" 

Best speed for tips of sails, 3'6 x speed of wind. 

Ej^^ve power ^ in footrlbs. per second = 0-00034 Ap*; ■wlieir" 
A ^ area at" circle swept by sails, in sqtwxre feet, and v = vela " 
of wiudj in feet per second. 

SSCmOH III. — RCLES RELJLTDTG TO PROPtTLfilON OP Yf. 

1. BMikMHce «£ Tewciib — For relfttiotts between spe«d in fc^^ 
per second aiid speed in knots, see pages 102, 114. 

KuLE I, — GiveOj the intended gnMtteat speed 'of a ship in knots; 
to find the least l^^ngth of the after-bod-i/ necessary, in order tbt 
the resistance may not increase faster than the square of tlie 
s^ieetl ; take thrsR-eiglUfis of the square of the speed in knots for tis 
kngth in feet (Soott RuBsell's Rule), 

To fulfil the same conditionj the fore-body should not be slicirti!!' 
than the length for the after-body given by the precediug rule, flfid 
may with advantage be 1| tLiues as long. 

Kl'le II. — ^To find the greatest speed in knots suited to ft^t'en 
length of after-body in feet; take the square root of 2| times tbi 
leugth. 

Rule HI, — Wlieti the speed does not exceed the limit glvien tff 
Rule IL, to find the probable resistance in lbs. ; meaHwre tif 
mean inwwrsed girth of the ship on her body plan; mnltipljtt 
by her length on the wtiterdine; then multiply bj 14-4 (mM 
square of sines of angles of ohliqnity of Btnmm-linesi), The produrf 
in called the ai(gni^nted ^ir/ace. Then multiply the augmeuW 
surface in square feet by the square of the speed in knote, und ^' 
a, constant co-efficient j the product will be the probable reaisi 
in Iba. (See aJao jrnge 303). 

Co-efficient for clean painted iron vessels, '01 ; 

„ for clean coppered vessels, '009 to O08; 

„ for moderately rough iron vessels, 'Oil andnpi 

Rule III. a. — For an approximate value of the resistance 1»* 
well-designed atfsiraerSj with clean piiinted bottoms; nndtiplyllK 
square of the B|)eed in knots by the sqimre of the cnT>e-root oJf f" 
displacement in too 3. For differeot types of ateamei's the 1 
ance niuges from -8 to 1-5 of that given by the preceding »lfl 
tion. 

Rule IV. — To estimate the net or elective horse-pmiwr esj 
in px-opelling the vessel ; multiply the resiataiice by the sp 
knots, and divide the product by 326. 




PBOPULSION OF VE8SELS. 2?S1 

Rule IY. a.— To eatimate tlie groB3 or indicated horse-powffr re- 
quired; divide the same product by 326, and by the combined 
effideiici/ of engine and propeller. In ordinary cases that efficiency 
is from "6 to -625— average, say *G13; t^ierefore in auch, cases the 
preceding product is to be divided by 200, 

2. ThruHi of Pr«peiicf».— EuLE V. — ^To Calculate the thnist of a 
propelling inatniment (jet, paddle, or screw) in lbs.; multiply 
together the transverse sectional area, in aqnare feetj of the stream 
diiven astern by the propeller ; the speed of that stream, relativei}/ 
to the ship J in knots ; the real slip, or part of that speed which is 
impressed on that stream by the propeller, also in knots; and the 
cxtustaut 5 '66 for sea-water, or 5*5 for fresh water. 

liULE YI.' — Given, the product of the velocity of advaTice, in knots, 
of a screw propeller aa if through a solid (^ pitch in knots x re- 
volutions per hour) into the slip of that screw relatively to the 
water in which it works (also in knots); required the product of 
speed and slip of the stream from the screw, for use in Kule V. 

-mr 1 . 1 1 /. , 1 , , 1 -S pitch of screw ,„, • - ^ 

Multiply tbe tirst product by 1 — — * . (i his is a ffOOd 

* "^ -^ "^ circumterence ^ ° 

rough approximation when the circumferencje ia between 1^ and 3^ 

times the pitch.) 

Remakk.— The speed of the stream driven astern by feathering 

paddJea ia sensibly equal to that of their centres; by radial paddles, 

to that of their outer edges. The groaa power required to drive a 

radial paddle-wheel is greater than that required to drive a, feather- 1 

iug paddle-wheel of equal thniat, in the ratio of 

'' outer radius of wheel \ , 

^.height of axiiS above water/' ^' 

3, ni«Bieiii af SalU — The centre of huoymicy of a ship is the < 
centre of her immersed volume (found by the Rule of page 84, 
Article 7). 

Rux-E YII.^To find the height of a ship's Tn^acentre above her ' 
centTC of gravity. Divide the length of her load water-line into 
equal intervals, at which meaam-e the haff-breadiha at the load 
water-line. Cube each of those half- breadths; and regard the 
cubes as tbe oi'dinates of a plane figure having the length of the^ 
load water-line as its base. Tind the area of that figure hyj 
Simpson's Rule (page 64.) Divide two-thiixls of that area by thel 
Tolume of water displaced by the ship. The quotient will be the 
height of the metacentre above the centre of buoyancif; from which 
subtracting the height of the centre of gravity above the centre of 
buoyancy, there remains the height required, called the TiifitaiceiUTic 
h&.ght 

EuLE Till. — To find the moment of mil that a sliip can brar; 
multiply together the metacentric heig% m l^i^^ 'fesi Stssss^ 
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ment in tons, the factor 2240 (to rednoe the tons to pounds), and 
the sine of the intended angle of steady hed; the product will be 
the required moment in foot-lbs. 

Ordinary values of sine of angle of steady heel; ships, "07; 
schooners and cutters for trade or war, "105; yachts, "157. 

Rule IX. — To calculate the rruyment of a given set of saih. 
Multiply their area by the estimated intensity of pressm-e of the 
wind, and the product by the height of the centre of effort of the 
sails above the centre of lateral resistance of the vessel. 

Remarks. — Sails are adapted to a vessel by so adjusting their size 
and figure that the results of Rule VIII. and Rule IX. are equal 
The pressure of wind to which the extent of canvass called "all 
plain sail" is usually adapted, is about 1 lb. on the square foot. 

The centre of effort above mentioned is the common centre of 
magnitude of the sails, found as in pages 83, 84. 

The cenire of lateral resistance is at a depth below the surface 
of the water nearly equal to half the vessel's draught of water 
amidships. 

The equivalent triangle has for its base a line which usually ex- 
tends horizontally from the dew of the driver (or aftermost lower 
corner of the aftermost sail) to a point directly below the tack of 
the jib; — and for its height, three times the height of the centre of 
effort above its base (called the base of sail). 

Rule IX. a. — Given, the moment of sail, M, as found by Role 
VIII., and the base of sail, 6; to find the height, z, of the centre 
of effort above the base of sail ; also the area of sail. Let A be the 
height of the base of sail above the centrS of lateral resistance; 

then z = A/ I 3 y + v ) — «; and area = 1^ « 6. 

Examples of length of base of sail -;- length of vessel on load 
water-line. Fore and aft rigged vessels, 1-9 to 1*6; square ri^ed 
vessels, 1*6 to 1*35; full- powered steamers, 1*0 to 0-5 (in steamers 
the base of sail usually has a gap in it over the engines and 
boilers). 

Rule X. — Direct pressure of wind in lbs. on the square foot 

, (velocity of wind in knots)^ 
nearly = ^ ^L___ L 

(See Shipbuilding, Theoretical and Practical, by Watts Rankine) 
Napier, and Barnes.) 
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PART IX. 



HEAT AND THE STEAM ENGIKK 



I Section I. — ^Eules helating to the Mechanical Action of 
HeaTj especially through Steam. 

1. Tli«nniiflrHami««. — As to measures of temperature, and ofl 
[imn titles of heat, we pages 10.5, 106, 

BuLE I.— To tiiid the quantity of heat required to produce a 
iven rise of tempeiiitui'e in a, given weight oi' a given aul>atuiice; 
lultiply tfigether the rise of temperature, the weight, and the- 
'indfU heat of tiie aubstauce. (Sefi Table, pages 3T8, %1%.) 

Rule II. — To convert quttntitiea of heat into equivcdmii quantities 

Hnltlply Hy 

Britiat Fabrenheit-unita into foot-lbs, , , 772; 

British Centigrade-units into foot-Iba t ,390 J 

French nnifca into ItilogrammetreB, 434i 

British units of evaporation into foot-lbs.,.. 745,800; 

French units of ev^aporation into kilogmcnuietros, 227,300. 

The first three nnmbers are values of tlie df/7iamical equivalent ' 
^/uial, often called "Joule's Eqviivalent," and denoted by J. 
Rule III. — To convert tempenitiirea ou the ordinary acales into 
>lute tempetiatures. (See page 105}:- — 

In Fahrenheit's degrees,., ........ add 46i°^"a 

In Centigrade degi'ees, „ 274 "o 

In Reaumur's d^'rees, ,..,.......,. ,, 2 1 9 '2 

Fabr. Cejit Utina. 

Absolute temperature of melting ice, 493°'a 374^ 3I9°'2 

Atmospheric boiliug point of wtiterj,,.,,,673' 2 374 299 "3 

(See Table, pages 280, 281, 282.) 

Rule IV.— To iind the efficienci/ of a perfect heat engine, working' ' 
Btvreen given limita of tempe^dture; divide the diiTt^ience or range, 
jetween the limits of temj>erature, by the higher limit of abaoluts 

%peraiurs. " 

Remark. — The eiBciencj thus found is never fully realized by 
]y actual heat-eugine, but 'm appittxiraated to in the course of 

iprovement. 
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-22'* 439'3 

-13 448 2 

- 4 457 "3 

+ s 466*2 

14 475 a 

33 484-3 

• ■ 32 - 4932 

41 502 '2 

59 520 z 

68 52g-3 

77 • 538-3 

86 547-2 

95 556-2 
104 565-2 

113 574'3 
.122 .....,„. 583-2 
131 592-2 
140 601-2 
149 6io-» 
158 6i9'3 

,..167 628-2 

176 637^3 

185 646-3 



ELASncaXT GF ▲ FEBVBCT GA& S81 

"ieatipada. Fmfannheit. ^^ 

t T t P.P. 

o 

369° 203* 664-2 1*3468 

374 2i» <^73'2 I'S^So 

379 221 682-2 i*383a 

384 230 691-2 1*4015 

389 239 7002 14197 

394 248 709-2 14380 

399 257 718-2 1-4562 

404 266 727-2 I "4744 

409 275 736-2 I '4927 

414 284 745-2 1-5109 

419 293 7542 1-5292 

424 302 7632 ''5474 

429 311 7722 1.5057 

434 320 781-2 1-5839 

439 329 7902 i-6o22 

444 338 799-2 1-6204 

449 347 8082 x-6387 

454. 356 817-2 1-6569 

459 365 826-2 1-6752 

464 374 8352 1-6934 

469 383 844-2 1-7117 

474 392 853-2 1-7299 

479 401 862-2 I "7 48 1 

484 410 8712 17664 

489 419 880-2 17846 

494 428 889-2 18029 

504 446 9072 18394 

514 464 9252 1-8759 

524 482 9432 1-9124 

534 500 961-2 1-9489 

54 518 979*2 1-9854 

554 536 997-2 2-0219 

564 554 1015-2 20584 

574 572 1033-2 2-0949 

584 590 1051-2 2-1314 

594 608 1069-2 2"i679 

604 626 1087-2 2-2044 

614 644 1005-2 2-2409 

624 662 1123-2 2-2774 

634 680 1 141 -2 2*3139 

644 698 1159-2 2-350^ 

654 716 1 177 a a-aS 



282 ELAsncmr of a pebfect qas. 

Centigrade. Fahrenheit. P^ 

T « T 1^ P,V, 

390" 664' 734° 1195-3 24234 

400 674 752 1213-3 24599 

410 684 770 1231-3 2*49^4 

420 694 788 1249-3 2-5329 

430 704 806 1267-2 2-5693 

440 714 824 1285*3 26058 

450 724 842 1303-3 26423 

460 734 860 1321-3 26788 

470 744 878 1339-3 2-7153 

480 754 896 1357*2 2-7518 

490 764 914 1375*2 2-7883 

500 774 932 1393*3 2-8248 

520 794 968 1429-2 2-8978 

540 814 1004 1465-2 2-9708 

560 834 1040 1501-3 30438 

580 854 1076 . 1537-2 3-1168 

600 874 1112 1573*2 3'i898 

620 894 1 148 1609-2 32628 

640 914 1 184 1645-3 3-3358 

660 934 I220 1 68 1 -2 3-4088 

680 954 1256 17 17 -2 3-4818 

700 974 1292 1753-2 3-5547 

720 994 1328 1789-2 3*6277 

740 1014 1364 1825-2 3-7007 

760 1034 1400 i86i-2 3'7737 

780 1054 1436 1897-2 3-8467 

800 1074 1472 1933*2 3*9197 

820 1094 1508 1969-2 3*9927 

840 1 1 14 1544 2005-2 4*0657 

860 1134 1580 2041-2 4*1387 

880 1154 1616 2077-2 4-2117 

900 1174 1652 2113-2 4'2847 

920 1 194 1688 2149-2 4*3577 

940 1214 1724 2185-2 4*4307 

960 1234 1760 2221-2 4*503^ 

980 1254 1796 2257-2 4*5766 

1000 1274 1832 2293-3 4-6496 
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RutK IX A.—^FairiMm and Tate* Std&)—To oJc^Ute the 
voiuine of one lb. vtmaaa *t a given pressure. From ike &faeoliite 
pressure m lbs. on the aciiisre inch, sabtract 0-33; divide 3S9 bf 
the remainder; to the qootimt add 041; the som will be ike 
TOlnme of one ]h, of steato in cat^c feei., nearij. 

For reJatioDB betir^»i frresmre^i, volitmes, and temperatures of 
Bteam, see the left-hand di&giaiii in the plate at the end of this 
volunte; 

"RiTLE TX. R — To £nd the weight of steam required to fill a gi%*eii 
TOlnme at a given pressure j divide the given voliuDe hy the volume 
of one lb. of tsteam. 

£Ject QfSidi on B(/i/ing-p(nnt.—^ch. 32d part hy weight of «Jt 
in wat^r raises the boiling-point V''2 Fahr. =s O^-fiT Cent. Oi-di- 
naiy sea- water contaiii^ ane-32d part of silt 

2, A«tl«M mf HlcsM fa VylimAer. — RULE X. — To calculate the 

isftdicaied poiEer of an actual st^m-engiue from the capacitj of 

Cjlinder, indicator-diagram, and number of revolutions }>er miunte. 

From the iDdicator-diagram {as explained in page 242, Rules 

XT. and XVI) determine the nu^n effsiive pre^gmre; multiply it 
by the effecthe capadly qfi^linder (being the volume swept by the 
piston per stroke), and by the number of revolutions per minute, 
for a single act Log engine, or twice that number for a double-acting 
engine; the jnx»duct will be the indicated jwwer in Jhoi-paunds per 
fnintite; which, being divided hy 33,000, wUl give the mdvxUied 
horse-pfncer* 

BeuABK. — As to the adaptation to each other of the nnit of 
intansity of pressure and the unit of volume swept, see page ^39, 
J^mark on Rule IV. 

RcLE X. A. — Or othenaiM : — Multiply the mean effettim pre^ure 
"by the area of pi^ii^ for the load; then m,itltiply the load by the 
■^distunce travelled by the piston per minute, for the indicated 
Jiower in unila of work per minute. (In single-acting enginm 
Sforward fitrokea alone are to be reckoned in the distance travelled ; 
!in doubie-actiug eugiues both forward and return strokes, who&e 
vuuount per tuinute is then called inean speed of piston,) 

Remark. — The effective or available power is usually about 8 
pof the indicated poflp-erj that iractiou being the efftcieiu:^ of t/is 

KuLE Xr. — In a proposed steaTii-efiglnef to estimate the ratio in 
^hich the initial absolute pressure in the cyhnder will be less than 
H^abeolute pressure in the boiler. Let o denote the m<^a velocity 

^^^When indtcator-diacraniB are taken for scientific purposes, the weather- 

gVFQmeter should be obiaerved, in order ihat afisolutf prat$ttret may he de- 

Boced from tlua diagram i which of itself shows only difertneea hetwoea tho 

*regsu rest of tlic atcam aud of the atmosphere. As to ooa^'srsiiOii of iiresaarda, 

uagea 1U3, Ho, 
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of the piston in ft^t fet secowl; - , tho ratio in whicb tte area of 

the piston is greater than that of the steam-port of the cylinder; (, 
the obaoluie temperature of tht; steam m Fabronheit degrees; then 
the required I'atio ia Ttearly, 

t ^ A3 

180 t a** 



ti A 



* 



The velocity of the steam in the port, - — , should not ex<5eeJ 

1 n(W\ 
100 feet per second; and then the mtio becomes 1 ■ tt^t-- 

^ 1 — — nearly for Fahrenheit's scale, or 1 — --- for the Centigrads 

scale. Let * = 730° Fahr. = 400° Cent ; then the mtio = 0-92 
nearly. 

Bdle XII. — To calcidutc approximately the ratio f -^1 i" 

■which the mean ahaohtte pressure in a cylitnler will pi-oUibly hn 
leas than the initiai ahmluie pretimire at a given rate of expaoainn 
r. (When r exceeds 3, the accumulation of liquid water ia tb« 
cylinder mnst be prevented hy jacketing or by superh^tiDgi 
othiirwise the economy due to exjiansion cannot be realized.) 
Method 1. — (Nearly exact for dry saturated steam.) 

Pj„ 17-16^'"^ 

>i~ ^ 

(The quantity r ""^ may be computed by taking the reclpitxal '»f 
r (c^ed the ^ective ad-oj')^ and extracting the square root /mr 
times.) 

For results of Method 1, see Table A, page 292 ; alBo the r^ht* 
hand diagram of the plate at the end of the volume, 

Melfiod 2. — (Steam moderately moist: — Absolute pressure >« 
volume supposed seuisibly constant.) 

Pi »* 

For hyperbolic loganthms, see page 14. For results of Methoil -, 
see Table B, pag« 393. 

Remauk,— In ordinary practice, the difference between the 
results of those methods is so amal}, that the choice betwieen 
them tlejjends mainly on "w^tct^vet atalila of aqnares or a table of 
hjperholic logaritlima ia aX laaiii. 
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MfitJiod S* — (See fig, 107.) Draw a Btraight line C A B^ in 

rhich make A B = 4 A 0. Draw A D perpendicular to C A B; 

4ibaut describe the circular arc B D cutting AD in D, 

D E 
len in D A take E, so that --- r - sliall 

DA 

epres^nt tlie elective eut-ojf (and 

jnsequently^^^ the rate of expanBion). 

Lt E draw E :F parallel to A B. Then 
F 



B 



will be the required ratio of mean 



Rg. 107. 



initial absolute pressure, nearly. 

The results of Method 3 lie between 

loae of Metliods 1 and 2. 

Rule XIIL— Given, the initial absolute presaure, the absolute 

't-presaure, and the rate of expansion ; to calculate the mean 

fective pressure; multiply the initial absolute preesure by the 

found as explained in Rule XII. ; the product will be the 

lean absolute pressure; from which subtracting the back-pressuref 

the remainder will be the required mean effective pressui'e. 

Abml'iiie baclc-pressure in lbs, on the square inch; 

In non-condeneing engines, from 15 to 18, 
In condenaing engines, fi'x>m 3 to 5. 

Rule XIV. — ^To allow for the effects of clearance on the expan 
ion and preseuiei. Let e be the fraction expressing the ratio borne 

ay the cleaiTince to the effective cylinder-capacity; -/t ^^^ actt^tl 

'off, or fraction of the stroke during which the ateam is admitted; 

J the effective etd^offf or reciprocal of the rate of expansion. Then 



i 




1 

- -1-0 

r 



and T = T" 



1 +c 

1 +ct' 




Trom the real rate of expansion r, aa above computed, calculate 
raiue of the mean absolute pressure by Rules XII, and XIII. j; let] 

be denoted by pf^ : then the corrected m4an absolute presmire i»i 
[as follows :^ — 

Caiie I. "When there ie no cushioning; 2^m~PM—G (Pi—pm)i 
j,^ being the initial absolute pressure ; 

Case II. When steam enough is cushioned to fill the clearanoe 



Pn 



it the pressure p^ ; js'^ = -, ^ y - 

* First publiehed in the Engineer for the I3th Afril., IS£&. 
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ExrjJBiTK WomMoa or Snua.— Tablb A.— -Dry Saturated Slem 
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1-29 
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1-04 
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[KuL£ XT. — To find liie ^ittam ej/imd^-eapadty required for a 
Dposed EteAZB-cn^ne. To tike iDt^Kled «U(^W «apr& par g t Mt W te 
an allowsoce {m.y one/ifvrik on aa srecige) for restBttnoe of 
the sum Will lie Umb imiiealad work per imktaiie. Diride, if 
engine Ls jsmgk-aetzii^ bjr dw i^ended aumber of revolatiaiut, 
*if duuble-ajctiQg, hv twice the intended Qumber of r^volittioctt 
minate, for the iruUoeeted work f/er tirohs; vhich beiug dtviJdd 
the intended meaji tikKAkve fveSBixre, will give tb« re(}uir«d 
iTe cylindeF-capacity. 

to tiie uiiita in which it will ht expreBsed, see page 339. 
[Divide the effective cylinder-capadty bj the Imgtii. qJ Arnkt; the 
lotieDt ^11 be the area ^piMot^ 
[3. rnxwrmMUmr^ m€ ■!«*■ to «hc CittrtiW kMl E«elc»«r Af Ih* 

-Rule XVL- — To calcoUJie the altsolutg pmimre &/ r^eass 
{that LB. the ^Vjsolnte preae^ure at the etid of t^ vX^tXMOU)} 
j&aa h- — Dry saturated steam, 



Ft = Fi 



-n 



'otherwise: in the left-hand diagram of the plate End the rolnmo 
jndiog to /)|; multiply it by r for the iinal volume, and 
id the corresponding pressure from the diagram. 
[Case IL^ — Moderately moi^t eteam; divide the ioitial pressare 



the mte of espansion f that is, make^j ~ }' 



[EuLE XVTL— To calctilate tte intensity of a pressure {p^ 
ivulent approximatieiy to the rate at which heat ih expended in 
cylinder. Find p_ aa in Bules XIL and XIIL, aiid j?^ as ia 
le XVI. ; then. 

In condensing engines, /)» = p_ + 15 p 

In noa-condeiifiing engines, p^ = jj« + 14 

[Tlieae results are correct to about one per oenL 

iB'tTLE XVIIL— To calculate the effidetijcy of iM steam. Let p^ 

the back pi«a3ure, and p* = Pm ~ Fa ^^ mean effectivie presaxun^ 

id as in Bute XIIL Then 

Efficiency of steam = ^ = *^'^ — -^- — ^ 

Pi pm + 15 or 14 p^ 

tuiM XIX, — To find the s^)enditu.re qfhsat in th» 
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giTen time; either tmiltiply the indicated work in that time by ttfl 

reciprociil of the efficiency, — ; or multipij tlie volume swept by 

P* 
the piston in the same time by p^ 

The result is expressed in uoita of work, which may, if required, 

, be converted into ordinary units of heat, or into units of evajwrv- 

tion, by dividing by the proper co-efficient aa given in Rule IL, 

page 277. For practical purposes units of evaporation are the 

most convenient. 

BuitE XIX. A. — For the effect of clearance on the expecditmt 
of heat I calculate the expenditure of heat as if there were an 
clearance; then, — 

Case I. — If there m no oushioning, multiply by 1 + e. 

Case IL — If there is cnahioning sufficient to fill the clearanoo 
with steam at the absolute preaaure p^; divide by 1 -)- c r'. (See 
Rule XIV.) 

Behaeks. — The result of the preceding tailculations incliides not 
only the heat requii^d to produce the steam, but the additiotial 
heat required to prt^vent it from condensing to any considerable 
extent in the cylinder. 

The following are rules for obtaining exactly, by the aid of tl» 
Table at pages 285 to 288, some of the results to which, approid- 
mations are given by the prwediag rules of this and the previoos 
Article : — 

One lb. of steam in supposed to be admitted to the cylinder At 
iibi& tempera tui-e Tj^ ; then expanded, until its temperature falls to 
V^ being maintained by the aid of jacketing in the state of dry 
saturation; and then discharged against a back pressure equal ta 
the final presaure. 

The numbers 1 and 2 denote quantities in the Table correspoiid' 
ing to the tensperatures 1 and 2 resjiectively. 

Rule A. — ^Work of one lb. of steam, U^ — U^ 

Rule B, — Expenditure of heat, in units of work, U| — TJj -^ ^ 
— h-f the value of h being that correspmnding to the temperatort 
of the feed-water. Of this heat, Hj — h is expended in producing 
the steam^ and the remainder in preventing condensation in th» 
cylinder. 

4. Expendltnre mf ITntor.— BcTLE XX^ — To find the nd tm^d <>f 

Jeed-water required per stroke; divide the total cylinder-capacity 
by the Tolume of one lb. of steam at the pressure of a^lt^se (pj), ** 
found by means of Rule IX., page 283, or IX. A,, page 2&9; ofj 
the Table, pages 285 to 288; or of the left-ha,nd diagram in the pla 
Rule XX. a.— For a rough approximation to the net imgM i 
Jeed-wc^er per stroke, correct to 10 per cent., and eri'ing on the safe 
side; multiply together the absolute pressure of release and cylinde^ 
'aty so aa to get t^e T^TnoAswi^i Sas. lQK]i*tlba,, and divide Ij^j 
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50,000. For the approximate net volume in cubic fiei per stroksj 
diTide the Bame product by 3,000,000. 

Anothei' rough apprDsiination to the net weight of feed-water in. 
A given time is to take the expenditure of heat on the eteam (Rule 
XIX.) in unitg of evapomtion. 

Rule XXL — For the gross /eed-miter, multiply the net feed- 
water, 

If the supply is pure water, by 3; 

If ordinary fresh water, by 2| ; 

If jiea-water, and the brine is to be discharged at n timea 

2 n 
the ealtness of eea-water, multiply by — — ^, 

Values of », 3 2^ a. 

— -—feed-water,. 3 3^ 4. 

net .^ ^a -r 

HuLE XXII. — In a condensing engine, to calculate the nsf 
u»^Ai of condensation-water per stroke j from the expenditure of 
lieat, in units of work per atrokfij subtract the indicated work per 
Htroke; the remainder will bo the rejsci^ii Iteat, in units of work per 
stroke, which is to he divided by 30,000 for Britiwh Measures, or 
10,600 for French Measures, to give the required weight in Iba. 

For cidfic feet per atrok'Sf divide the rejected heat in footdbs. by 
2,200,000. 

BuLE XXIII.— For the gro^B supply of condensaUon-water, 
midtiply the net supply by 3, 

Section IL — Kules relating to Fursaces astd Boilcesl 

1. Fuel. — Rule I. — To estimate the ^leoretical evaporative powerj 
that is, the total /utati of cvnibustion of fuel, in units of evaporation 
(seepage 377), per unit of weight of fuel, from the chemical analysis 
of the fuel. Di.stingultih the constituents into carbon, hydrogen, 
oxygen, and refuse, expressing the quantity of each an a fraction of 
the whole weight analyzed. Let C, R^ and be the fractions for 
carbon, hydi-ogen, and oxygen respectively. Then, 

Tlieoretical evaporative power =sl5 C + 64 (H — -j. 

Rule II.— 3^i^ v^ghi of air chemically necessary for the com- 
plete combustion of an unit of weight of fuel j 



12 C + 36 



{-'.)■ 



In moet furnacee some additional air is requited to dilute the pro- 
ducts of combui?tion, thtis increasing the supply of air required in 
the ratio of 1| : 1 or 2 : 1, 
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ExAMPLKS or Theoretical Evaporatiye Powers of Fuel. 

Carbon, 15 

Hydrogen, '. 64 

Various Hydrocarbons, from 20 to 22^ 

Charcoal and Coke, „ 12 to 14 

Coal, best qualities : — Anthracite, 15 

„ „ Bituminous, from 14 to 16 

„ „ Oxygenous, about 13^ 

» Brown, 12 

Peat, absolutely diy, „ 10 

Wood, do., „ 7^ 

Bad qualities of coal from a given coal-field, about | of the best 
qualities. 

Rule III. — ^To estimate roughly the efficiency of a furnace and 
boiler (being the ratio of available to total heat). 

Case I. — Draught produced by a chimney : — Divide the intended 
number of square feet of heating surface per lb. of fuel per hour by 
the same number + 0*5 : eleven- twelfths of the quotient will be the 
probable efficiency of the furnace, nearly. The following are 
examples : — 

«3n„<.w. foof Available heat 

Square feet Efficiency per lb. coaL 

''^tS^fwIi^r of ^ /total heat is 

MFhon? Furnace. 13* units of 

Small heating surface, o "50 o '46 6 '2 1 

'075 0-55 7-43 

100 o-6i 8'24 

125 0-65 877 

. _ , 931 

[2-00 073 9-85 

Water-tube and cellular ( 390 0-79 10 -66 



f 



Ordinary heating surface in 

tubular boilei-s, y ^ g-^ 

' I 1-50 0-69 



boilers, (600 o-84 11-34 

The efficiency of a fui'nace is liable to be diminished by from 2 
to '5 of its proper value through unskilful firing. 

Case II. Draught produced by a blast pipe or by a fan; put 03 
in the divisor instead of 0'5. 

Rule IV. — To estimate the available heat of combustion of fuel; 
multiply the total heat of combustion by the efficiency of the 
furnace. 

BuLE V. — ^To estvcttsAft ^iJae YfcJoifcVi ex\)enditnve of fuel in > 
given time required, m a. gtvevv «,\ft».\ft <5x\^^%. 

Estimate the expenditure oi \ve«.\. \»i 'Sov:^«i3XS.. ^\ >^ss, ^jssa^ 
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ig aectioHj page 394, and divide it by the available heat of combi 
tion of an ufiit of weight of the fuel. 

2. DlUioiiaianB of Farnacea nml Bvllera nnd Ihclr Fittings. — A'i 

'fire-grate; in furnaces with chimney draught, from •! to 'Ol 
inare foot per lb. of fuel burnetl per hour, 

Area of fire-ffrate ; in furnaces witli dmught forced by blast- 
pipe or otherwise, from. -Ol to 01 square foot per lb, fuel per 
luur. 

Heating surface; see preceding Article, 

Sectional area of fines or tvJbes from I to i of area of gmte; 
'ii chitrmjeyj about tt area of grate. 

Cap«ct^y of boiler; steam and water space - heating surface it 
tvoia 3 foct to 1| foot in stationary cylindrical and iiue boilers; 
ri'om 1 foot to -5 foot in tubular boilers, stationary or niaiinej and 
ibont '1 foDt in locomotive boilers and water- tube boilei-s. 

Capacity of furnace, flues, and tubes — area of grate x from 6 

feet 

Area of air-ftdes above level of grate = about 

ite. 

Pitch of boilffi' siai/s, from centre to centi-e; in marine boileiti^ 

jra 13 to 18 inches; in locomotive boiler-s, 4 or 5 inches; work- 
ig tension, 3,(.HI0 lbs. on the sipiai-e inch. "Working tension on 
7Uer shdl^, from 4,500 to 6,000 lbs. on the aq^Uttre inch. As to 

sngth of flues, see jiage 311, 

Area of mfetjj vaive. — E-ULE. — Multiply the greatest weight of 
p'ater to be actually ovaporated in Ibii. per hour by -006; the pro- 
iuet will he the i-equii'ed area in square inches. 

Brine refritferatoT for marine boilers: surface of tubes should if 
Dsaible be A square foot per lb, of brine blown ofl' per hour (fi-om 

to i of gross feed-water). 

Injector. — Sectional area of narrowest part. Kule, — Divide the 

DSa feed-water to be supplied in cubic feet per hour by 800, and 
ay the sqiiare root of the pressure of the steam in atmospheres; 
the quotient will be the required area in square inches. FoP 
ircular inches, divide by 030 instead of 800. 



■jT area 



Section III.— Yabioub DjauENBioNS of Ekoines. 

Condrnscr*— Paupa.— Ct^mmon condetweTj from 3- to ^ capacity 

cylinder, 

Injet^tioti shiice; find the grnaa volume of condensation- water b; 
lule XXni., i>nge 39o; divide by 1,630 feet; the quotient will 

the area in square feei 

Air-pump, sirij^de-acting, for comnvoxi. c(iicit\tTV?«t', S.\w«i. \ "w> 
upadty of cyliadvp. Valves aud \ja.aaw^eM oi avas^Vi "soa '^Jq»& 
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AmU not exceed 13 feet p^ 
BAj be h«]f the cspactt j. 

_ icity on grcMB enppl j of 
p«gB IB^; WM eotd waim pumps on 
(Bale XXIIL, page ' 
fad «itb ^i vwler, from | to ^ of i 

to 5 square feet sotfgce per 
If Miigle-^ctiiig, ^ capscitj 

to be efsneh area tlmt tcIq 
100 feet per aeoMid. 

hf the mugidar adatnoe of the ecceDtrie 
the n^ At vbidi Ike eeoeutric radius s^taiui^ 
wiaA vomld bring the &lide-v&ive 
is at its dnd-poiiita, 
the poatiaaB at the cmuk at the mgtants i 
" ta fiad like proper nngnlar advance of 

of tlie lap on. the inductioQ-eide to 
eTtibe 

la %. M^ let iL B aard A C be the ])o^tioiis of the crank at 
the bagtaa^g aad cad of tba fisnnud stroke; let the arrow shov 
the < — rt iaa cl' m t atk a; let X z be perpendicular to B C; U 
A B W the pa^lieK of Ae cruik at the instant nf cut-ofi, mA 
A K ik iMMaM i* the inMmzit of admission. Dtuw A F, 
SAD: A F will reptesent the position of tbe 
aX the hoimt when the slide Is at the /hncard «nd of 
FAX v^ be the angtdar eu/eanoB of ik 



I 




A F to represent the half-travel ; and en 
dnmbe the dn^ A H F G, cutting A D in 
A 6 A & 
■id A K is H ; then j. -^ = ITv' "^^ ^ ^^ «5iw«rf raiw ^ 

«< A* ttHJbeliM^^Ul io kal/-trav^; and A G — A H will 
that ia^ en the same scale on vrhich A F repn^eseuts lM 

Oft ^ SMM atale^ I K zepreaaats tlie unuM of opening of tk 
at Cftt A^^Miatiy ^ Ifte liixMb^ sometimes called the *'lmd4 
ll« «Kdi.'* Strictly ^i«akiii^, tim is the lead of the induction-edgB 
of iha dfidaealj; tht> le*d of the centre of the slide beiug A K; 
thttt ts^ Hs dwia noe from its middle podtioa at the beginning d tlift 



*Tha jMtbad awd is ibis »>d the foUowiug mlea is that of Pcttfessor Vf- 
M*W», «C tik* S«Hb FedctvJ PoiytechDic Sctixtl at Zurich, published B * 
triMMi w. Sil)d«>>r«Xve (lowivi^ en^tlol. Die Schkba-sititerunym. 
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II.— Given, the data and results of the preceding rule, and 
position, A M, of the crank at the instant of release i to find 
tfttio of lap on the eduction-aide to half4ravel, and the position 



the ctank when cushioning begins. Produce F A to L, mating 

L = A F J on A L as a diameter draw a circle cutting A M iu 

A N 
: then . -,.- wiU be the required ratw of iap at educlion-iide to 

If-iravd. 

About A draw the circular arc N P, cutting the circle A L 
ain in P; join A P; then A P wiU be the required pmUimi of 
r cranA al tlie inaiaTit wJisti cushioning hegins. 
HuLB III. — Given, the data and reanlta of Rule !.» and tlie 
fiition, A Q, of the crank at the instant of cushioning j to find 
e lutio of lap at the eduction-aide to half-travel, and the position 
the crant at the instant of release — produce F A as before ^ 
, A L ~ F A aa a diameter draw a circle cutting A Q^ vsx ^ -* 
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A P ■ 

-^ will be the required ratio of lap at the educiton-»ids io haJf- 

trareL 

About A diuv tbe cvrevilar arc P N, cutting the circle A L 
again in N ; join A N: A N" will be the p<mtion of the crank at 
tiip justant of release. 

Rule IV. — Given, the an^lar advance of the ecceutric, the 
half-travel of the slide, and the lap at both sides; to find the 
poaitiona of the crank nt the instants of admiaaion, cut-off, release, 
and cushioning. Draw the straight lines BAG and X A » [I0^ 
peudicniar to each other; and take B and to itpresent the dead 
points. Let the arrow denote the direction of rotatioiL Draw 
F A L, making the angle F A X = the angular advance of the 
eo^entric; and make A F = A L = half-travel. On A F and 
A L aa diametei'Sj dmw circlea. About A, with a ra<lius equal to 
the lap at the induction-side, dmw an arc cutting the cirele on 
A F ill H and G; also, with a radius equal to the lap at the 
ednction-side, draw an arc cutting the circle on A L in jf and R 
Draw the Rtraight linea, A H E, A G D, A N M, A P Q. These 
will represent re,i]iBCtively the poaitions of the crank at the instants 
of adumsion, cut-off ^ release, and cv^hioning. 

Rule Y. — For jin eccentric to drive a se^xirate expansion griditoa 
sHde-i^alve, make the angidar advance 90°; also niako width of 
opening*) ^ half.travel of valve — i?ine of angle made by position 
of crank when ateara is cnt-off with jjosition at dead jjoLnt, 

4. Link- n ml ON.— In tig. 103 let A be the axis! of the shaft; A B, 
the forward eccentric radius; A C, the hackwai'd eccentric nidios; 




I 

I 



Fig. 109. 

B Dj the forward, and C E, the backward eccentric rods; D E, the 
link; F, the slider or atud. Kadins of curvature of link = length 
of rods, or nearly so. 

Rule YI. — To find the motion of the slide valve produced by 
any intermediate position of the stud, such as F. 

with a radina bearing t\i& eatcae ^toTi«ret\tiu to ftalf the distance 
B 0, that the length oi t^e To4ia"fe\) \i«slt&Vi ^iW^ Ql'Csssa.X^sia.'^V.^. 
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draw the arc B C* If the eccentric rods ai-e so placed (as in the 
figure) that when the eccentrics are inclined towards the link, the 
rods are crossed, make the arc B C convex towards the axis A. If 
the eccentric rods are so placed as not to be crossed when the 
eccentrics are inclined towards the link, make the arc B C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which the stud F divides the link D K Then the 
motion of the stud, F, will be veiy nearly the same as if it were 
directly connected by a rod K F with a crank A K. Consequently, 
from the half-1/ravd, A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their eflfects may be 
deduced by Rule IV. of the preceding Article. 

5. Nominia Hone-Power. — I. Ordinary Ruh fbr Condensing 
Engines. — Multiply the cube root of the stroke in feet by the 
square of the dmmeter of the cylinder in inches, and divide by 
60. 

II. Admiralty Rvle for Sarew-Propdler Engines only. — Multiply 
the mean velocity of the piston in feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. Rvlefor Non-Condensing Engines. — Multiply the cube root 
of the stroke in feet by the square of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of steam engines ranges from owce to six 
times the nominal power. 

•This construction is due -to Mr. M'Farlane Gray (see his Geometry 
qf the Slide Valve.) 




A.DDENBA TO PART IX, SECTION I. 



Vakiftit «f ftaiidft. — The following are the melting points of a 
of the more ituportant Biibstances, Those mai-ked 1 have been, 
measured by the pyrometer :^ 



mo 



Mercury,.. - 38° 

Alloy— Tiu" ' i, ' iertd h] ' [ 

biamiith 8, about, J 

Sulphtir, ....•..„.....,.•,,.. 328 
Alloy— Tin 4, bismuth 5, 1 

lead I, / 

Alloy — Tin 1, bismuth 1, 

Alloy— Tin 3, lead 2, 

Alloy — Tin 2, bismuth 1, 
Tin, 



246 

334 
334 

426 



Bismuth,, .,...,.,»..., 

Lead, 

Zinc,.,.,. ,..-.. Joot 

Silver....... 1,280 1 

Bms8 1,869! 

Copper,..,. 3,54 

Gold, 3,59 

Caat-iron, 3,4} 

Wrought- iron, higher, 
but uncertala 



Latent fieat of Vision of iiXj about 140 British u&ite; of Hu; 
SOO, 

Fiitw ef Oaica. — Let the prif^sauTC, bulkiness, and absolute tem- 
perature of a gaa within a vessel be /?,, t'^, t^ and without the 
vessel, p^, t\, T^; and let p^ Vq be the vmue of p v for the absolute 
temperature t^j of roelting ice. (See page 278.) Let y be the 
ratio in which the Bpeciiic h^it of the gaa is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gaa escape* 
from the vessel ; 

&, a co-€0cient of contraction, or of ejlwse, so that the effective area 
of the oritice is jfc ; 

ttj the maximum velocity which the particles of the gaa acquire 
in e-icapiiig, when there is no friction; 

W, the weight of the gag which escapes in & eecond ; then, 
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^alaea of the co-efficient of efflux k for air (Weisbach) : — 

' Conoidal movitbpteces, of the form of the con- \ k 

' tracted vein, with effective pressures of from >o'97 to 0*99 

' '23 to 1*1 atmosphere,... ,.,, .„, J 

Circular orificea in thin plates, .......... ......... . 0*553 to 0-7 88 

Short cy hud ncal mouthpieces,.,, ,..,,.,,,.,,q'8i to o"84 

The same, rounded, at the inner end, , , p -9 2 to o '93 

j Conical converging mouthpieces,. d'^o to 0*99 

The principleR of the flow of liquids may be applied with- 
oot Benaible error to gasea made to fl.ow by small differencea of 
' pressure. 

^B Addenbuu to Fart III., page 132. 

^HteTeiUng br the Bnroiuet«r.— To correct tho difference of level 
j^^en by tbe fonmila for variations in the force of gravity, divide 
Toy the CD-efficient of ^^ in the note to page 245. 

^^1 AdDEKDUII to PAItT Til. 

Friciion of Leather coIIbm,— The friction of the leather collar of 
a hydraulic press plunger is equal to the pressure upon a ring equal 
in ciT-cnmference to the plunger, aod of a breadth which, according 
to Mr. William More'e experiments, is about rb of the depth of 
bearing surface of the collar; and accoi-ding to Mr. Hick's ex- 
perimental fiom 01 inch to '015 inch, according to the state of 
lubrication of the collar. 

^H ADDEjroiiM to Part VIIL, page 274. 

Aildllloiinl Rcatalanre of Afaifi, Ant to «hai-t nfttr-bodr. — Ijgt V bo 
the speed in knots; I, tlie proper least length of after- body, in feet 
= I ^j ^'j the actual length of after-body; Sf the area of midship 
section, in square feet; sin ^ y, the mean, of the squares of the sinea 
of the anglea of obliq\nty of the stream-lines of the after-body; then, 
additional resistance in lbs, — 

- a-6G sin 2 y • S * / (l _ y^^ nearly. 
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^H^^^^^I^EX ^^^^^^^1 


^HkBsOLU-rii temperature (aee Tempera- 


Beams, deflection of, 221. ^^^^^| 


^B ture). 


eliect of twisting on, *J'2G. ^^^M 


^H unit of force, 104, 


Umitin;; length o^ '^11. ^^H 


^H^ljutniexits, Btftbility of, 184. 


of uniforni strentrth, 219, 22[). ^^H 


^H^cceleratiuu, 243. 


proi»rtion of depth to span of, 224. ^^| 


^H^ctual enercu, 240, 
^B^dhesbn of locomotiTes, 343. 


resilience of, 224. ^^H 


ahearing action on, 210. ^^H 


^Hkir, expaneion mad elasticity cif, 280, 


stilfoess of, 221. ^^H 


^^B for furnaces ; supply of, 295. 


strength of, 212. ^^M 


^P flow o^ »(J2. 


sudden load on, 216. ^H 


Air-puinp of steam engine, 297. 


to deduce streaa from defiection ^^ 


Aluminium bronze, strength of, 205. 


of, 224. I 


Angles, meaaurea of, 90. 


travelliug load on, 216. ^J 


redaction of, to the centre, 130. 


Bed of stream, stability of, 2GS, ^H 


taken by sextant, reduction of, to 


Belts (eeo BaodA). ^H 


the level, 13t), 


BeniUng, resistauue to (see Beam], ^H 


, Angle of repose, ISO, 182. 


Bevel -wheels, 231. ^H 


^^ to set out a right, 127. 


Blasting, labour of, 233. ^H 


^■Angular moiiientura, 247. 


Blocks and tauklc, 238. ^H 


^^ velocity, measnres of, 102. 


Blowing oH; 297. ^H 


^Rttjueducts (see Water), 


Boiler, dimensions and littingaol 207. ^H 


^Hknih, lineaTj or equilibrated rib (aee 


efliciecLcy of, 206. ^^| 


^V Rib). 


strength of, 207, 211, 297. ^H 


^H of maaonry or brickwork stability 


Boiling point, levelling by, 133. ^^^^B 


^H of^ 1S8. 


effect of saltuoss on, 289, ^^^^^^ 


^M atreugtli of; 224. 


Boiling points (sec Steam). ^^^^^H 


^lAj^ea, measures of, 95. 


Bolts, strength of, 208. ^^^^1 


^■&reaa, mensuration o^ 6S, 139, 143, 


Boring, labour of, 253. ^^^^^| 


^n^ee, work of, 251. 


Bracing of frames, 1&8. ^^^^H 


^HAtmoaphfiric pressure, 115, 133. 
^Hbda of rotatinn, 229. 


Brake, 241. ^M 


Brass, strength of; 195, 197, ^H 


^rSj(]e, Btren^h o^ 226, 249. 


Breaking across, resistance to (see ^^M 


Asimuth, 119. 


Beam). ^H 




Brickmakin:;, labour of, 253. ^^H 


Back: presaura {see Stcajn). 


Brickwork, labour o^ 254. ^^H 


Backwntor frota a. weir, 265, 


stability of, 179. ^^H 


"BnTidB in mechanism, 2^, 


Bridges, framed, 169. ^^H 


Mction of; 24L 


girder (see Beams). ^^H 


Bapometer, leirolling by, 132, SOa 


iron or timber, arched, 225. ^^H 


Bara, wei|(ht oi; 153, 


stone and brick (see Arch), ^^^| 


Base of survey, to measurej 123. 


suspension, 227. ^^^^^| 


Beams, action of load oa, 212. 


Brine, blowing off, 297. ^^^H 


allowance for weight of, 220, 


boiling poiiita of, 289. ^^^^H 


continuous over piers, 224. 


Bronze^ strensrth of, 195, 197. ^^^| 


croa3-Bectioiia of eoual strength for, 


BuildiiiK,, Va\»M ^li, ^^, 'SA- ^H 


2W. 
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Bnoyoaoyt 146, 157. 
BatfereBaes, IM. 

C&BL^ Btrenfrtb of; 204, 227, 

CxavM, jstrenjftli ot, 205. 

CAftuily for heat (sea SpeciP heat). 

measunjs qF, 99. 
Carbon (nee Fnelj, 
C&scade, 2iJ7 

Cfltemiriau curvefl, tobies of oo- 
unliimteB of, 175. 

ribs, 174i 
Catenary, 80, 174 
Ceoumt^ Btrenjith. oE^ 20^. 
Centnis for a-rcbeu, 19U, 255. 
Couize of liuoyimcy, 157. 

of gravity, 153, 

of magnitude, SI. 

of oscillation or i^ercoaBion, 155. 

of piiesayre, 156. 
Centrifugal f«rce, 246. 
Chiuns, equilibrimn of, 170. 

Btraigtli of, ffiJ7. 
ChaiTB^ railway, weight oi, 2^ 
Chuinel, flow iii, 264. 

Htability of l>L^ti oi, 26a 
Chan.>oal (see Fuel). 
Chimney, 297. 

Circular lenjrtbj aud areas, Sd, 42, 
68, 77. 

arcs, Gl, 77- 
Clearance, 201, 2SM, 
Coal (aee Fticl), 
Coke [see Fuel). 
OoUiipaiag, resistance to, 211, 
Goliimna^ strength of, 2U0. 
Cotubustion (aee Fuel). 
Compresaion, renistance to, 209. 
Concrete, Btren.^li of, 2U3. 
Condensatioa-water, 295, 
Condenser, common, 297. 

surface, 29S. 
Conduits (gee Water). 
Cone, tomeneure, 71, 7.^, 74. 
ConnectLiig-rod, atreti^h of, 209, 250. 
Contraction of atream, 259. 
Copper, strength cf, 195, lfl7. 
Couples, statical, 161. 
Crank, motion of, 336. 
Cross - breaking, resiatance to (see 

Eeatn]. 
Craehing, reaist.'vnce^to, tables 10", 

201, 20,-j, 2U5 ; rwle^ 209. 
Cubes of numbers, 1, 11. 
Current (see Water). 
Curvature of tlie eartk, \\1. 
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Curvature of the earth, correction for, 

131. 
Curvea, mcasarement of the leiia^ 
of, 74. 

CD milwayfl, cant o^ 139^ 142L 

setting out, 133, 139. 
Cnt-ofif {see Steam, action of). 
Cuttings (aee Earthwork). 
Cylinder, capacifcy of; for steam, 293. 

strength of, 207, 211 

Day, mean eolar, 90. 

sidere^, 90'. 
DcQectioD of beams, 221. 
Dcusitj% 147. 
DeviaUng force, 240. 
Diagram of work, 242, 
Dip of horizon, 122. 
Discharge, co-efficients of, 259, 
Driunage area {see Rain.&ll). 

Earth, curvature of thei, 117, Ic 

ditnenaionB of the, 117. 

heaviiiess of, 152, 

natural slope of, 180. 

presaureot 179, 180, 18Ji 
Earthwork, breadtha o^ 142. 

labour ot 253. 

mensuration o^ 143. 

settin^-Diit, 142. 
Eccentric {see Slide valve gearing). 
Efficiency, conditions of greatest, v^ 
heat engines, 277. 

of a fall of water, 269. 

of furnace and boiler, 296. 

of machinea, 239. 

of propellers, 275. 

of Bteam, 293. 

of turbines, 269, 

of vei-tical water-wheek, 269. 
Effort, 240. 
Elasticity of j^asea, 278, 280. 

of sulida, 105. 
Elliptic areas, CO. 

arcs, to measure, 78. 
Embaukments (aee Barthwork). 
Enei^, 239. 

actual, 240. 

actual, of a rotating body, S47i4 

of beat, 277. 

l}ateutifll, 239. 
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iicyc 
uili 



cloidal teeth (aee Teeth), 
brated Jifch (ace Arch). 



Epi 

Ell' 

Equivalent, dyiiiuuicftl, of heat, 

Eva^ratLon^ factor:) of, 2S4> 
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Evaporation, total heat of, 283. 


Qasas, flow of, 302. ^H 


unit of, 10a, 277. 


heaviucsB of^ 140. ^^| 


Exca-vation (aee Earthwork). 


2}roi)crties of, 27 S. ^^| 


Expanaion by heat, 147, 230. 


Qathcring'gr«mid (sea Eain-fi^), ^^M 


by the slide valve, 298. 


Gearing, 298. ^H 


vdve, a()(K 


Geodesy, en^riaeeriiig, 117. ^^^^^| 


"Exfiauaive action of ateam, 290, 292. 


Girder [see Beams). ^^^^^| 




oontinTiou9, 224 ^^^^^| 


Factoiih of safety, 305, 


stiffening, for suBpenaion. bridge^ ^^M 


Falling body, 243, 


22& H 


Fall of water, energy o:^ 269. 


Governor (aee Pendulum, Tevolving), n 


Feed-xiump, 2f>S. 


246. 1 


Feed- water, 234. 


Gradients, rulincr, 244 ^J 


Fifth powers and sfiiiatea, 32, 


Granite, strength of, 197, 203. ^H 


Floats of water-wheel, 272, 273, 


Gravity, accelerating eifcct oi^ 215. ^H 


Flow of water (see Water). 


centre of, 15S, ^H 


of gae, 302. 


motioD under, 248. ^^M 


Flues, diroenaiong oi^ 237. 


speeihc, 146, ^^^| 


atren^h of, 2U. 


apecLtic, table of, 149. ^^H 


Fly-whoela, 247. 


Gyration, radiuB of^ 154 ^^^^^| 


Foot-ijound, 103. 


^^^^H 


Force, absolute unit of, 104 


HsAJ) due to velocity, 249. ^^^^H 


oeiitrifagal, 244>. 


of water, 250. ^^M 


com[>f>neiit, 159. 


Headings, labour of driving, 2.';3. ^H 


dietributed, 14tJ, 158. 


Heat^ dyuamicol e<iutv'alent of, 277. ^H 


driving, 240. 


eugmejii, ethclency of, 277, ^H 


reaultaiit, lo8, 159. 


expansion by, 147, 148, 278, 280. ^1 


v/^nrk. of va,rym^, 242, 


ex]:>enditure ol, in. an en^ne, 2S3, 1 


Forces, composition and regolution 


293. J 


of, L5S, liid. 


iatenaity nf, ot temperature, 105, ^H 


parallel, 162. 


106, 277, 280. ^M 


Foundations, iron tubuIaT, 254. 


latent, 105, 283. ^M 


on piles, 182. 


of combustion, 295. ^^| 


ordinary, 181. 


quantities of, 105. ^^H 


Frames, bTaciiig of, 1S8. 


specific, 277, 27a, 279. ^H 


equUibriuui and stability oil ICj, 


uuft of; 105. ^^^^H 


m. 


Heating surface, 296. ^^^^| 


Friction, moment of, 241. 


Ueaviue&a, 102, 147. ^^^H 


of earth, 180. 


tables of, 149. ^H 


1 of raachinea, 340, 303. 


Height due to velocity, 243. ^^H 


etrai*, 241. 


table of, 2-^9. ^^^^M 


Frictional stability of masonry, 1S0. 


Hoop, BtreG3 af, 176. ^^^^^| 


Fuel, available heat of eombuation 


Horse -power, 104, ^^^^^H 


1 of, 296. 


indicated, of steam engine, 2S0. ^^| 


' expenditure of^ 296. 


nominal, 301. ^H 


supply of air to, 2fl5. 

total heat of comhuatimi of, 295, 


Horses, work of, 251. ^H 


Hydraulic press, strength o^ 203, ^H 


Furnace and boiler, dimensiona and 


ram, 273, ^H 


fittings of, 297. 


Hydrauhca, 256. ^^1 


efflfiieucy o^ 29C. 


HydrccarboDS (see Fuel). ^^^^M 


Fusion, 302. 


Hydro^n (aee Fuel). ^^^^H 
Hyperbolic areas, 70. ^^^^^M 




Gaps in atatioti -lines, to meaanre, 

128. 
Gaaee, expanaion and elaaticity of, 


logarithmB, 35, 38. ^^^^M 


Ice, tneltm^ cti, ^^. ^^^^H 


14S, 2S0. 


\ Im^uV^ '1^. ^^^^H 
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Indieated power, 289. 
IndioAtor, steam engine, 24!L 
Inertia, Biomeut of, 1S4. 

Kiduoed, 248. 
Iiyectioa water (see Condensation). 

ralvti or Blaiae, 297. 
liijcL'tor, 297. 

Intensity of pressure, 103, 115. 
Iron at^hed rilja (see Ribs}. 

Ij^iunB (see BeaJns). 

bridges {see Bridges). 

cast, strength of, 195, 1D7, 199, 
201. 

ebusa {see Chftina). 

fiiatatiin^B, '208. 

nukllcabic a.ud steely, strength, of, 
191, 200, 201. 

pijiea, atreiiijth of, 207, 268w 

riiailieiit;e o£, 194- 

struts and pilkre, 209. 

JsT-PEOrELLEB, 275. 

Journals, strength of, 226, 249. 
Jutnpiiig kulcB iti rock, liibour of, 
253. 

Keys, strengtli o^ 208. 
KHograrame, 97. 

Kiloj^rammdtre, 104. 
Knot, or nautical mile, per hocr, 
102. 

LAJwua, 2j3. 
Land meaaurea, 05. 

tncti ail ration of, 129. 
linteut heat of Qvapfiration, 2S3. 

heat cC fuai<»n, 3U2. 
Latitude of a pkce, to find, 122. 

length of a minute of, 117, 118, 
Tjeni^ii, niea^ur^a of, 92, 
Level, for aui^ltja, 130. 

rednctiott to ihe^ for distancaa, 
127- 
Leveliing, 131. 

by the barometer, 1.32, 303. 

hy tha boiling point ef water, 1 33. 
Link motion, 300. 
Ijinkwoi"k in mechanism, 23G. 
Locomutive en^ne, adhesion of, 243. 

tractive force of, 244^ 

weight of, 244. 

work of, 245. 
Lojrarithms, common, ], II. 

hyperliohc, 35, 'JtS. 
LoD [^itude, length oi a mimite ol, 111 ,, 

lis. 



Machikes, 228, 
bfdancing of, 241 . 
driving wree o^ 240. 
friction of, 240. 
reduced inertia of, 240. 
faried motion of, 245. 
work of (aee Work). 
Magnitude, centre ot, SI. 
Man, -work of, 252 (see LaboBr). 
Masonry, labnur oi^ 2S3, 254. 

Btabdity of, 179. 
Mass, centre of (aee Centre 

gravity), 
Measnrea, Eritisli and French, 
parative table of, 110. 
multipliers for conversion ol^ 107 

112. 
of absolute force, 104^ 
of angles, 90. 
of area, 95. 
of ca}>acity, 00. 
of heat, lOo, , 

of heavinesis, 102. 
of intensity of preasui^e, 103. 
of len^fth, 92, OS, 9G, 99. 
of statical moment, 101. 
of atrcaa, 103. 
of temperature, 105, 
of time, 90, 
of valne, 100. 
of Telocity, 102. 
of volume, Oii. 
of wei.tfbt, 97. 
of work, 103. 
eoltd, 96. 
superficial, 95. 
MecbaniaDO., 231. 
Melting jioints, 302, 
Men, work of^ 252. 
Meridian, to find the, 119. 

length of area o£^ 117, 118. 
Metre, 92, 
Mde, 93, 93, 94, 

nautical, 93. 
Minos, labour of driving, 253. 
Moment, meaaurea of^ 1U4. 
of inertia, 154. 
of gail, 275, 
ofstabUity, !85, 
of weight, 153. 
Momentum, 245. 
Moneys, 3(K>, 
Mortar, strejigth of, 203. 
Motions, conipiiiriRon of, 22$. 
Mni.<sfi, ■weak, of, '251, 
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Surface, heating (aee Hda-tiiig mir- 

face). 
Survey^ baso for (see Base), 

scales for, 135. 
Surveymg;, 127. 
Suspeiuiioii bridge, 173, 225. 

Btiffeuing girder for» 22G, 

Tackle, 238, 
TanjreiitB, 61, 
Teariug, resistance to, 191, 195, 

3013. 
Teeth of wlieels, dimensioDB &ivl 
fiijure o^ 23;{. 
streugth t)f, 233, 250. 
Temperature, 105, 106, 277, 2S0. 
Tenacity (see Tearing, re^tance 
to). 
^ Tic-line in isarveying, 127. 
^Tie«(, strength oi 200. 
^^B^mber, lal lour of working, 254 

V strength of, 1<J6, 198, 2U2. 

V Time, uieaatire of, 9f>. 
■ Tliermodynaniica, 277- 

I ThenuomtiterA (see Temperature). 
I Towera, fit>ability of, 184. 

TowDS, demand of water for, 263. 
Trains, ra,!l\yay, rcaiatance of, 243. 
Transport of laatlsby muacular iwwer, 

251, 252, 
Transv^erse atrength (see Huptnra and 

Beams). 
Triangles, approximate solution of 
^^ spherical, 58. 
^B solution of jilEine, 53. 
^B Solution of apherical, 55, 
Trigonometrical rules, 52. 
Trigonometry, use of^ in aurvejiag, 

129. 
Trochoid, 70. 
Truss {see Frame). 
Tubes, Btrength of; 207, 211. 
Turbinea, elficieucy ot, 269. 

dimensiQDa and figure o^ 272. 
Tonnela, arching o^ 18S. 

labour of excavatiou in, 253. 
Turning (see Rotation). 
Twiating, resistance to (see Axles), 

Undbrbhot water.wheels, 269, 271, 
2r72. 

YaluK) measures e^ 3W). 
Valve, Bttfety, 297. 

slide, 2{ltS. 
Y&ults, stability of (sea Arsib.). 



k 



Velocities, virtnal, principle 0^ 240, 
Velocihr, meaaarea o^ 102, 

angular, measures of, 102, 
Vosseb, propulsion of, 274, 

resistance of, 274, 303. 

aaila of, 275. 

stability of; 275, 
Virtual velocitiea, 240, 
Via-viva (see Energy, iictnal). 
Volmneg, lueasHremeiit o^ 72. 
Viaducta (aee Bridges). 

WAI.L3, Btabilityof, 184. 
Water-channel 8, di&eharge of, 264 

resiatance of; 257. 

stability of, 268. 
Water, contraction of atreams o^ 
259. 

den] and for, m towns, 268. 

discbarge of; from orifices, notoliea,. ' 
and dnicea, 263. 

expansion o^ by heat, 147. 

flow of, 256. 

faugiug, 260, 
ead of, 256, 257. 

measurement of flow of; 260, 

power, 269. 

preasure engines, 269, 

presauro of, 179- 

ram, 273. 

sujiply of; by rain-faU, 267, 
Water-pijxBs, chscliargB through, 263. 

resistance in, 258^ 

Btrength of, 2<)S. 
Water -wheela, dimenflionu and figure 
o^ 270. 

efficiency of; 260, 

horizontal (aee Turhineai}. 

vertical, 269, 270. 

nD-action, 273. 
Water-wheial in an opedi aurrent, 

272. 
Wave-Knea, area ot 70, 
Weight, measures of, 97. 

Ubles of, 140. 
Weirs, 261, 205, 

casca^le &oni, 267. 

swell and backwater from, 265. 
Wheels, 2.31, 

bevel, 231. 

paddle, 275, 

akew-lwvel, 232, 

etreugth of, 250. 

teeth of, 233;. 
Wiiid^ action oi^ (S'dVysist^wE&.'SMKL- 
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ISDBX. 



Wind, pressure o^ 276. 
Windnulls, 27a 
Wood (see Fael). 

Work, against varying resistance, 
242. 

calculation of, 238. 

'during retardation, 245. 



W(»-k, measures o^ 102. 

ci acceleration, 1M5. 

represented by an area, 242. 

useful and wasteful, 239. 
Works, setting out, 133. 

Yaed, standard, 92. 
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